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System design is (.onstrained by "scace-ox-Lhe-ar r,’’ cecimojogy ^ All 
procedures either utilize existent research results or require data col- 
lected according to established methodologies. 

The objective of this report is to present a design model which 
will serve as the pattern for the development of a vocational education 
professional development program to be implemented in a state agency of 
vocational education. The model delineates the procedural requirements 
for determination of priorities, assessment of personnel needs, selection 
of projects, assignment of resources, and management of the program. The 
data requirements for the establishment of a management information sys- 
tem are enumerated and the procedure for the establishment of a planning- 
programming-budgeting system described. The role of inquiry in education 
is elaborated upon in order to provide a theoretical rationale for systems 
procedures. Major emphasis is devoted to vocational and technical educa- 
tion teachers, since they account for the majority of the developmental 
efforts. 
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PART ONE - SYSTEMS OVERVIEW 



The purpose or. this report is to present the design schematics of 
a management sVstem to ptcmote the implementation of Section 553 (a). 
Part F, of the Education Professions Development Act, which provides; 

The Commissioner is authorised to make grants to state 
boards- as defined in the Vocational Educational Act of 
1963 ( to pay the cost of carrying out cooperative, arrange- 
ments for the training or retraining of experienced voca- 
tional educational personnel such as teachers, teacher 
educators, acini.i.nistrators , supervisory and coordinators, 
and other personnel- in order to strengthen education 
programs supported by this part and the administration of 
schools offering vocational education- Such cooperative 
arrangements may be between schools offering vocational 
education and private industry, commercial enterprises, 
or with other educational institutions (including those 
for the handicapped and delinquent) : 

The fundamental premise of this paper is that development of 
vocational education personnel as specified in Section 553 (a) can best 
be realized via a systems approach- Although dating from antiquity, use 
of the systems approach as a disciplined mode of problem-solving has 
gained momentum in- the post-Wcrld War II era and has been applied to a 
variety of scientific and operational problems and, more recently, to 
educational decision-making (Silvern, 1971)- In spite of the fact 
that systems definitions are as numerous as practitioners of the systems 
approach, the following formal definition is offered: 

A system is an interrelated (organized) set of activities 
governing the utilization of resources so as to achieve 
a specified mission- 

In order to facilitate the elaboration of the systems concept In 
the context of educational and professional development, the following 
ancillary terms are defined: 

Act - An action event- 

Acti.on - Expenditure of energy- 

Activity - A prescription (rule) for action, 

•f 

Behavior - Performance over time* 

Components - The subordinate parts of a system. 

Energy - A capacity for action* 
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Environment - Everything outside of the system that both influences 
and IS influenced by the system^ 

Goal - A desired consequence ct syscem-iniciated action and 
environmental react ion - 

Input - Energy and/or information imported by the system^ 

Mandate - The sanction for system existence . 

Mission - The ultimate purpose of the system. 

Negotiable environment - That part of the environment subject to 

direct influence by the. system. 

Non-negotiable environment - That part of the environment not 

subject to direct influence by the 
systemr 

Objective - A desired system performance. 

Output - Energy and/or information exported by the system. 
Performance *- Execution or accomplishment of an act. 

Program * A plan for resource allocationr 
Resources - The medium for system action c 

Supersystem - That larger system of which the system of concern is 
a component. 

System management - The process whereby system resources are 

allocated so as to achieve the system objec- 
tives » goals and mission. 

It follows from the definition of system that system purpose is 
achieved by the expenditure of energy via resources in a manner prescribed 
by the activities. In this sense» the activities can be said to manage 
the resources and | hence^ represent the essence of the system. 

For the purposes of this paper, system activities can be typed into 
three major classes hereafter referred to as management functions . These 
functions are defined as: 

Planning - The planning function consists of those activities 
associated with preparation for the future commitment of 
resources. This preparation includes formulation of system 
mission, goals , and obj ectives; consideration of alternative 
allocations of resources; and a resolution of alternatives that 
enables the system to pursue its purposes effectively and 
efficiently. 
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Acci\/a r .ion J’hc tunction or .iCLlvation the 

of r«*^source i ; neterTiiinaCion and crg'ani^av.ion ci acr. iv.. .jti:: recuirasi 
to achieve putpo&e. and assignment: or resouri.es to :-.;:t:ivitiebv 

Thus> acLivat:::n '^enetgiiefc** the activiiaes by a i esouxee r.ssign- 
ment and. as su:h; manirests the intent &>:prassed in uirr.j, 

Control - The tonttoi lunctic/fi invcives ir,GV'itt ring c^v^\ c:: . rn xnating 
the performance oi the system to ensure thr:.t aci ion~evviacr> conlorm 
to the activity requirements as expressed in the plan,s. 

It is axiomatic that system purpose as embodiea in che mission can 
not be achieved by unilateral system action- Goais as cimei -phase mission 
segments require cor esponding environmental react ion to produce a desired 
outcome — a state ot afiairs that obtains as a result ci system behavior, 
various unccntroileci envirunmencai influences, ana supat sysuem actiori; 
Outcome consequences tc-r the system are dependent upon the signiticance of 
the outcomes for mission attainment Because ox. tna wide variety ot 
potential outcomes, the sv. stern must be prepared tc select at cox ding to 
some strategy a resource utlil^acion scheme that interacts with the environ- 
mental status so as to enhance .sy^stem survival 

Thus, in a dynamic environment, the system mu^t be abjc to adapt 
its activity structure to accommodate changing demands; requirements, and 
constraints if it is to reraairi viable in a future eriVironraeiit- System 
change is considered v.c be accomplished by plan n ing , s process defined as: 

r t , (chat) ot deciding the actions to be implemented to 
realize the tuture goal in a future enviroijnent given 
today’s position in today’s environment- (C/uze- i9/0; 

As indicated in the definition, planning requires ro/mui3?,.tc\>ri cf 
system goals, knowledge ot the present environment., and a p.ctv^iCxion of 
a future environmental state The outgrowth of the planning process i^ 
a plan — a set of coordinated activities chat imply a commitment co a 
future course of action. For the purposes of the paper, plans are 
classified as: (1) strategies, (2) policies, (3) procedures, pro- 

grams, (5) budgets, and (6) projects- 

Strategics are the primary activities that guide system utiliza- 
tion of resources so as to achieve desired objectives- Objev^tives are 
deemed desirable to the extant chat interaction with a specified environ- 
mental state will produce a desired outcome state- However: an outcome 
state is desirable to the system only to the extent chat the outcome con- 
tributes to mission attainment. Thus, the mission broadly stated in 
terms of ultimate results must be translated through a series of reduc- 
tive stages until meaningful objectives are obtained- The reductive 
process of objective identification is morphologi-c in that once the 
initial integrati^'a of system purpose has been achieved, progressively 
finer differentiations eventually isolate the objectives at a suitable 
level, 



That is to say, mission as an ultimate state of affairs is imple- 
mentable through a temporal sequence of primary activities — the system 
strategic plans? Each primary activity can in turn be decomposed into 
its secondary cognate activities, which in turn can be segmented into 
more homogeneous activities until the basic operational activities 
necessary to mission achievement have been identitieds For a further 
discussion of the hierarchical process of strategic planning, see 
Vivekananthan (1971) « 

Attainment of system mission necessitates that system objectives 
be contingent upon future environmental states* as success or failure 
depends upon the consequences of the outcome of system-environmental 
interaction, the system can ill afford to rely on the occurrence of 
fortuitous environmental states* Rather, future states of the environ- 
ment must be anticipated and appropriate system objectives selected. 

The process of projecting the present environment Into the future so 
as to predict the forces that would influence the system is termed 
forecasting and is an integral part of strategic planning. The time 
period covered by the forecast is termed the planning span and is governed 
by the amount of time required for resources to fulfill their comm:.. tment 
to a specific plan- Since strategic plans involve long-term resource 
commitments to achieve a desired future position, they are referred to 
as long-range plans and underlie all decisions regarding present and 
future acquisition and utilization of system resources*. 

Policies are general formative rules that constrain the choice 
of alternative activities- Procedures differ from policies in that 
procedures are more specific substantive rules that delineate method as 
a temporal sequence of activities whereby specific objectives are attained* 

A program category is a class of interdependent activities that 
correspond to a goal area identified by the morphologic process wherein 
mission is further explicated by a segmentation Into subordinate out- 
come classes. The determination of the correspondence between often 
vaguely defined goals and system activities required to implement the 
goal is at best difficult and follows no clear-cut formula. Uncertainty 
about envirortmental contribution requires that alternative programs be 
considered and evaluated under a variety of projected future environ- 
mental statesv Program activities are related to strategic plans in 
that they represent a decomposition of primary activities into more 
fundamental requisite, subordinate activities that further clarify the 
action procedure prescribed by the primary activities * Since programs 
form the means for mission attainment, programs planning should emphasize 
a long-range time frame commensurate with chat of strategic planning. 

A budget IS a financial expression of an intent to commit resources 
over a specified future time period. This Intent is conveniently expressed 
in monetary terms that state the barter equivalency of resources in 
standard units.- Program budgets require that the financial plan be 
expressed in program rather than functional cost categories and that the 
planning span be dictated by program requirements Instead of by the short- 
range orientation imposed by annual budgets. 
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Objfcccivebj ptwgzams, and budgets a.*:r. aj ^ poti. ci a.:, 

long-range planning prices^ r^^terced c.c as p ^angti'u ^-^r w g:. r g-rAiGg ating ^ 
a process txisr. cieveiopad bv uhe Fedc^ral guverniften. arid applisa successfully 
to agencies sucn r.he Department ct Defense (Novi:.k; iVb')) - Centra} to 
the formaiion ot o pia»':r4ing-pi:ogramining--tuagei xng system le cr. 

analytic capability • w ge iic tace aittL.mau^ve mt: a^i «*. i a ^ 1 « i * i ng ^ > '■ ‘ 1 1 ru 
objectives^ to evaxuace ajternacives :<v consiGCiaiion Dtnc; : : ^ i cceived 
tor costs expendeU; nr«G co choose a best ci at xeas', a ey t.u* ic. r -?^..sc.urce 
allocacicn from a- c;t aiteinative po^sihii^r 

Ana lytic c a p ab i i. 1 1 y x es ides in a me del , an e Dc? i *. a •. ». ion o i: cue 

*'reai” world expiess-a as a sec oX leiaticns tuat enetjLec: it ccTisequences 

ot an incetactioi: te*/.vetu a given svate oi system pexicxmaiVe and a set 

of environmental couUi uicns co be predicted The » e^uic cz ulu c.ppiiwa- 

Clon ot a model is an cucc ome arr ay—a rnavi i x whejc rows rf^pre^ent the 
alternative resource mixes available to the system, the columns, the 
possible environmenf. sr.af.t:^ rrequencly xeterrcici co as "sontes oi nax.ure**; 
and the cell enci'.ies^ the ^vvnsequences ci a r^ai Ci out.'..uine lx the 
outcome consequences cr.x e tlescxibed in terms ox oeucXi.».s cc '.ns syszem. 
the model is termed a o i-. r 1 1 y ^ode i ^ it the CvrViSC jUcr.cert aic desoxibed 
as costs the mcaex is said to be a cost mod el Cost and benetit models 
are frequently combined incc a more general model which ass-igns a wOs cl- 
ef fectiveness index t.c edch outcome in the array (Quade, i9b^i 

All system meuf: is cequlre intormar lonai inpuuT ^.o pcedict outcome 
consequences. Since outccnies are the stats of ariaixs xesciting liom 
the interaction ot system peiiormance and envir onmerita-x ccndir.iorij» , 
information may be categori 2 ed as; (i> exr.eraai lutormaxion about the 
non-negotiable environment- such as the general economiCj social, poxi- 
tlcai, philcsophicaii and technological context; k2) I'aternai intormation 
about program alternatives ^ such as availability and location or lesouL'ces^ 
relevant priotities, policies and procedures, actiox) sequences required 
to achieve specific perrcrmance objectives, and tiima and budget constraints; 
and (3) tr ansactionai information about progxam iinkcageb wi.h and mutual 
effect on the supetsystem-. complementary oystams, and compacing systems - 

The process wherein decision-makers are provided with information 
relevant to the choice or viable alternatives is referred to a» a 
management int o xma t ion s y s tern - Energy expended foe tne coiieccion or 
information is texmed lesearch and is judged to be useful to the extent 
that the resultam intoririation contributes to the atrategic and tactical 
efficacy of future decisions. Research activicies are thus constrained 
by the informational needs of the decision-maxers as determined by the 
input characteristic of tne decision models* 

Projects ate defined as the set ot organicea awivicies .vecessary 
to achieve a speciliad objective and, as sucb, are tna ocsic components 
of any planning system- ?he project objective is a cci:Ti..j'iai. product of 
the reductive process chat successively fract locates iaission incc 
constituent performance inp Lications - Project as a plan foe >“23ouice 
commitment includes a combination of policies, prccedorea, ana budget 
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that indicates the sequence of actions to be taken, the resource commit- 
ment required to support the actions, the anticipated performance, and 
the expected time-frame- As project objectives may vary considerably 
in implementation time, the span of project planning ranges from short- 
to long-range. Project structure is achieved by ^mbining cognate 
projects into subprograms and subprograms into programs according to 
the Inverse of the reductive process. 

The dimensionality of programming-pianning-budgetlng can be depicted 
by a cube where one dimension represents the programs; another, the class 
of resources to be allocated; and the remaining dimension, the time period 
over which the programs are to be implemented-. In this framework, a single 
cell represents a class of resources allocated to a given program for a 
given time period, say, personnel allocated to program X for the first 
year. 



An integral planning document of a PPBS is the multi-year program 
and financial plan , which is a tabular presentation of benefits and costs 
for recommended programs, subprograms , and projects projected over a 
planning span in annual intervals. In order to predict costs and benefits, 
future environmental states must be forecasted by extrapolating relevant 
historical data senes. The anticipated environmental state eliminates 
uncertainty and, when coupled with internal information, provides the 
inputs to the cost-benefit models required to generate year-by-year predic- 
tions. 



The program and financial plan (PFP) represents the best program 
structure currently available as an outlet for system action. As such, 
it reflects an Implicit choice of program mix and level of emphasis. 

These choices are made explicit by a program memorandum which provides 
for each program a description and justification of the definitions, 
logic, philosophy, methods, and criteria underlying the program recommenda- 
tions. 



The activation function of system management involves the specifi- 
cation and assignment of resources to designated activity classes. 
Resources are regarded as converters that transform given matter, energy, 
and information inputs into predetermined matter, energy, and information 
outputs in accordance with an instructional plan. Accordingly, resources 
are the material media for system action and, when appropriately utilized, 
perform the work necessary for achievement of system purpose. Since 
resources are in essence integral input-output systems, they form the 
subordinate components of a dynamic system. Resources are assumed to be 
well-defined in chat each has certain external boundary conditions that 
establish its physical uniqueness. Since only the input-output transfor- 
mation characteristics of resources are of consideration to the system, 
they may be treated as "black boxes" whose inner structures are unknown 
and unknowable. 
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Resource Lranstccmatioris can be developed by specjl-iveicicu: dv 
analogy^ similarity;, and modification; or by observacAon auci er.p&t imenta- 
cion (Hare; 1967). Resovates whose transformation are Known by spiic.ifi- 
cation are generally starldardl^ed classes of componeni.s whose benavicr 
has been verified by past experiencer Trans tormar tens may be 

by similarity or analogy with v?eil-known theoretical medeis c/ 
modifications- In those cases where relatively little is Kucwr* c»bout 
resource behavior, transiormaticns must be developed trem empirict.1 
generalizations of observational and experimental data 

Resources vary in the order to which they exhibit memory and 
feed-back characteristics. A zero-order resource has no memory or feed- 
back capabilities; benct; its performance is strictly determined by the 
input stimuli' First - or de r resources have a detectoi: that compares the 
output with a desired standard (goal) - Deviance bar.ween the desired and 
actual output is fed back to the system as input and the system effect 
action so as to reduce the error magnitude. The effect is to dampen 
output amplitude, thereby causing the system to exhibit simple goaj- 
homing behavior: 

Both zero- and first-order resources exhibit no memory in that 
they do not score the results of past behavior and arS; thus^ incapable 
of prediction and conditional choice. Second-order resources , in contrast, 
contain an additional memory and control device that enables them to 
store a wider range of plans for a variety of input contingencies: How- 

ever, since the system cannot generally change plans immediately because 
some lead time is required, second-order systems must have the capability 
to predict future input states so that the optimum alternative plan can 
be put into effect before the actual input occurs = Consequently, second- 
order resources are capable of tactical decision-making based on inpi}.t 
information and fixed decision strategy; i.e., they can make procedural 
decisions. Second-order resources differ in complexity according to the 
variety of scored plans, sophistication of the prediction model, and 
comprehensiveness of the decision strategy. Operations are generally 
performed on symbolic abstractions of material configurations which are 
attributed informational value according to some decision model Infor- 
mation must be stored in memory in a format that permits rapid access 
and retrieval, translation, and manipulation of symbols which, when 
combined with current input, provide the basis for prediction, decision, 
and control. 

Second-order resources — while able to taxe a diversity or action de- 
pending upon current input, stored information, and vatiety or stored alterna- 
tive plans — are limited by an operating program that stipulates the plans, 
decision rules, and predictive models to be used in the input-output 
transformations. Resources which, in addition, are capaole of conditional 
modification of the stored operational program are categorized as third- 
order resources . Such resources alter their transformations in accor- 
dance with changing environmental inputs and- therefore, are said to 
learn by experience* The stored programs which provide tne operational 
stability are of a higher supervisory order in that the proararr. component 
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acLxviLles prescribe how ocher icwer-crder accivicxes should be created 
or changed. Learning involves modification of memory sccragej which 
may cake place by reorganization and/or replacement or existing infor- 
mational pattern as well as by an alternative of the values placed on 
the informational patterns > By a process or data input, storage, 
evaluation, learning, decision, and consequent action, third-order 
resources are capable of the self-adaptation, invention, novelty, 
value, and priority allocation required to formulate policy. 

Finally, the highest-order resources are those which, as a result 
of learning, formulate system objectives, goais, and mission Thus, 
fourth-order r e s our ces are the most autonomous in that they must be 
aware of the coalescence of external informational patterns that are 
important to the long-range viability of the total system. As the most 
complex resources, they are more individualized and determined by their 
particular experience They possess a richness of memory and pattern 
Interconnections which represents the historic structural residue of 
past experiences, a residue that determines present functional activities* 
In this capacity, they formulate the strategic decisions that give 
purpose to system and provide the form^ creating variability required 
to adapt to the vagaries of the environment r 

» Resources can be structured in these overlays depending on the 

kind of input-outputs emphasized. If resource input-outputs are defined 
as material entities, then resources as transformations can be regarded 
as components of a product subsystem through which materials flow in 
the process of being converted to a finished product. If energy Is the 
primary input-output consideration, then resources as "workers" are the 
component parts of a work subsystem which produces the action required 
to transform products into a finished stater And finally, if input- 
outputs are treated as informational, resources as decision-makers are 
the components of a management subsystem which controls the product and 
work subsystems. As a consequence, resources are organized differentially 
depending on whether they are considered as transformers, workers, or 
decision-makers r 

Resources as previously defined are intentionally restricted to 
the class of biological organisms and machines. Money, while often 
cited as a resource, represents a medium for resource acquisition rather 
than for direct action- Similarly, space and time are significant only 
to the extent that action is space-time dependent. 

For the remainder of thi.; paper, resources as an abstract systems 
concept will refer primarily to human resources* Humans as resources 
are considered to be self-adapting person-systems with ail the manifes- 
tations of systems in interaction with their environment (Drewes, 1971). 

The work subsystem represents a plan for the expenditure of 
energy necessary tc flow products through the system in a manner prescribed 
by the product subsystem^ Since component activities of the plan are 
often separated in time and place, division of labor is mandatory. 

Requisite activities for goal achievement are grouped into morphological 



lo 



8 



classes termed tasks which are related by specific precedence rules of 
time and place, i*e-, tasks must be performed at a given place in a 
specified sequence Tasks are grouped into super ordinate classes * 

The specification of the transformational properties of an idealized 
task group performer is defined to constitute a position . As such j 3 
position denotes a class of resources (person-systems) that by definition 
have the potential for action prescribed by the tasks. Per son, as 
differentiated from person-system, refers to a person-system identified 
only to the extent of the positional specifications. Persofi, then, is 
related to task only through the notion of position 

Task as a morphologic class of heterogeneous activities becomes 
a true superordinate entity instead of a mere collection of activities 
the more that the activities interact rather than passively coexist as 
equivalents^ Tasks exist In a hierarchical structure where each task 
as an entity at a given level is composed of subordinate tasks at a 
lower level, but which also serves as a subordinate task of a super- 
ordinate task at a higher level. The higher the task level, the more 
enduring the task structure and the greater the variety of action 
patterns called for. Thus, higher order tasks are more individualistic, 
more permanent in nature, fewer in number, and reflect mor^ the influence 
of past system experience 

Performance of a task at a given level depends on performance of 
the subordinate tasks at a lower level, which in turn depends upon 
performance at a sub-sub-level, and so on= Thus, since tasks are ideally 
performed by persons assigned to positions, task hierarchy induces a 
corresponding positional hierarchy. This position structure is commonly 
known as the formal organization and is graphically depicted by means of 
an organizational chart . 

Task levels have their equivalence in the control orders of 
resources; that is, performance of higher-order tasks requires ideal 
resources (persons) with higher-order control and memory functions. 

More specifically, higher-level tasks, because of their complexity, 
require resources that carry a richer symbolic repertoire; have a 
heightened awareness of the present situation; learn from experience; 
can develop and modify plans, decision rules, and models; and are 
capable of developing, changing, and implementing operational goals. 

The hierarchical position structure has long been the cornerstone 
of traditional management theory. Strategic decisions combined with 
planning and policies are assumed to originate at the apex of a 
pyramidal structure and to percolate downward co be implemented at 
lower competency echelons. The positional relationships are essentially 
vertical with superiors exercising ^ jure authority in accord with their 
position in the chain of command. Homogeneous activities ate compart- 
mentalized into autonomous units which are assigned responsibility for 
organic functions- Command decisions are exercised by line supervisors 
with advice and counsel provided by staff groups. Authority is delegated 
down the command chain and is constrained by departmental boundaries of 
the functional units aligned iu the chain. Goals are the appicpriata 
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responsibility of some position at a designated level- The de jure 
authority of positions emanates from an ultimate authority source and 
is delegated downward through position descriptions, titles, policies, 
and related procedures. Authority is limited by the number of subordinates, 
as responsibility of a position is a function of the number of subordinates 
controlled and cannot be delegated. 

Adherence to a linear hierarchical position produces a bureaucratic 
organization composed of semiautonomous units with parochial and often 
conflicting interests.. Resource arrangements once established tend to be 
perpetuated and expanded independently of the original purpose. Heavy 
dependency on formal policies and procedures vertically administered has 
the effect of stifling innovation and often produces a static organizational 
structure unresponsive to environmental change. 

Morphogenic systems, in contrast to oureaucratic systems, seek to 
maintain a dynamic equilibrium by mobilizing internal forces to counteract 
the stress imposed by the environment. Subordinate units respond to 
reduce overall stress and in so doing often irreversibly move the 
organizational structure to a new level of equilibrium. Thus, change 
Is Irreversible as the adaptive process modifies structure to achieve 
purpose. Organizational adaptability is evidenced as organizations 
research and develop new products, modify existing ones to forestall 
obsolescence, react to crisis situations, expand markets, and create 
and synthesize knowledge necessary for the development and implementation 
of technological solutions to social problems; in short, as organizations 
perform the myriad of activities associated with survival and growth. 

Adaptability requires organizational openness, a willingness to 
modify internal structure so as to minimize the shock of environmental 
encounters. Effecting structural modification, however, necessitates a 
mechanism for change that contravenes against structural ossification. 

One such mechanism is the project approach to system management. Projects 
as an organized set of activities that control the purposive utilization 
of resources for a finite time duration provide the means for organizational 
flexibility. As projects exist for a finite time duration (usually not 
exceeding 3-5 years) , organizations based on a stream of products must 
of necessity be temporary and, thus, amenable to change (Bennis and 
Slater, 1968). 

The appropriateness of project management as opposed to functional 
management is dependent upon the degree of internal system interrelatedness 
and the degree of system vulnerability to environmental influence. Proj- 
ect management is most desirable when: objectives are multilateral, 

thereby requiring cooperative utilization of resources; there is social 
or competitive pressure to advance the existing state of product technology; 
environmental uncertainty and situational unfamiliarity create a high 
risk of failure; developmental or feasibility studies are required; 
product tasks cut across functional departmental boundaries; and the 
undertaking is ad hoc and represents a substantial resource investment. 
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In the project approach, managers are assignee to ..j . _ . i 
ects where they function as unique project agents. Each manager is * 

responsible for his project. In carrying out this responsibility he 
must deal with persons at various functional levels within the crgnnizq- 
tion as well as with external organizations. The flow lines of communi- 
cation, influence, and work are lateral and diagonal as well as verricr.i, 
thereby enmeshing the project manager in a web of authority and responsi- 
bility relations rather than the traditional scalar line of command. In 
many instances, these ad hoc relationships created to expedite project 
performance develop sufficient strength and permanence to give de facto 
legitimacy to the modus operandi of the project manager. 

Project management is superimposed on the functional organization 
to create a hybrid organization. Project management largely determines 
what support is needed and when it is needed. Functional managers have 
the prerogative of deciding how the technological and routine administrative 
support will be provided. Conflicts of interest are generally resolved 
by negotiation, with only the exceptional case going to a higher level 
for adjudication. Much of the project manager's authority stems from 
his personal and technical competencies, persuasiveness, and /ability to 
build political alliances, rather than from resort to the legal authority 
of his position. Thus, political factors play a large role in determining 
the effective authority of a project manager. 

It is often useful in system analysis and design to be able to 
represent schematically the interrelatedness of the projects via an organi- 
zational chart. Since structure is but process frozen in time, organi- 
zational charts are but static approximations of organizational dynamics. 
Person-systems as resources do not conform exactly to positional specifi- 
cations. Task activities are expanded or contracted according to reciprocal 
bargaining, and communication and authority linkages seldom follow exactly 
the orderly patterns implied by the chart. Nevertheless, organizational 
charting provides a useful function in organizational analysis since it 
focuses attention on the highly complex working relationships required to 
achieve the multilateral objectives of dynamic systems. 

A recently developed technique termed linear responsibility 
charting seems particularly well suited as a device for clarifying the 
authority relation when multiple positions share in the responsibility 
for the performance of a task. The linear responsibility chart (LRC) 
is basically a matrix with positions listed as columns and tasks as 
rows. As shoim in Figure 1, the positions are blocked out by lines and 
sequentially arranged to correspond to the linear representation of a 
traditional pyramidal organizational chart. The positions included 
should represent only those of interest in the analysis. Tasks are 
grouped under corresponding projects and projects under parent programs. 

The element in the intersection of a row and column represents 
the task-position relation. Relations are of three basic types: (1) 

primary, (2) control, (3) informative (Cleland and King, 1968). The 
primary relation is that of work performed directly on the product 
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according to the activity specifications of the task. Control relations 
are subdivided Into direct supervision and general supervision . Direct 
supervisors monitor and evaluate the performance of the task according 
to policy and procedural guidelines, schedules, and ocher control devices, 
and by so doing shape the form of the transformation of the primary 
position. General supervision provides a second-order policy strategy 
framework for the direct supervision and the primary position which 
serves to encourage maximum closed loop direct supervision. Routine 
inter-task integration is a control relation concerned with the functional 
input-output compacabllicy of primary transformations, i.e., work outputs 
of one position are acceptable as inputs to another. Occasional incer- 
task integration differs only In the special nature of its application. 
Informative relations are inter-task coordination , occasional inter-task 
coordination , and mandatory output notification . InCer-Cask coordination 
is an Informational input to the primary resource — such as sequencing, 
quantities, qualities, and scheduling requirements — that does not change 
the form of the transformation of the primary position. Occasional 
inter-task coordination as a relation differs only in its intermittent 
occurrence. Mandatory output notification requires that the informational 
output of a primary position be transmitted to another position, but it 
implies no control function. The relations and their corresponding 
symbols are presented in the legend of Figure 1. 

Determination of the relational types for all entries in the LRC 
matrix requires a detailed analysis of the organization. Each entry in 
the chart Indicates an intercoupling between the static formal organiza- 
tion and the work subsystem that when considered as a whole depicts how 
positions and tasks are organizationally integrated. Each row considered 
separately Indicates all positions that share the responsibility for task 
performance and the nature of that responsibility. Each column shows a 
breakdown of the tasks linked to that position associated with the column. 
Absence of a s}nnbol means that the position and task are not significantly 
related. 

Control as a major system management function is concerned with 
verifying whether or not actions conform to established activities. Since 
purposive systems proceed toward objectives according to plans, it is 
Imperative to know the extent of deviation from system objectives and to 
maintain the deviation within acceptable limits by displacement-correcting 
responses. Deviation is controlled by a negative feed-back system which, 
as previously indicated, contains a sensor to measure system performance, 
a comparator to evaluate measured performance against a standard, and an 
activating device that is capable of producing or eliciting the changes 
required to maintain the desired condition. Control, like planning, is 
future-oriented in that it uses past information to direct present action 
so as to attain a future state. Therefore, deviation must be detected 
early in order to forestall the possibility of larger future displace- 
ments that could exceed system tolerance levels and lead to system 
pathologies or dissolution. 
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Figure 1. Systems LRC for a General Organization 



Basic organizational control resides at the project level- Project 
managers requite information concerning cost, scheduling, and technological 
factors in order to evaluate progress against the project objective. 
Comparative information is needed in order to assess how a particular 
project compares with other ongoing complementary and competing projects. 
Evaluative information must be supplied to identify project areas whose 
deviance may pose a threat to objective attainment. Finally, anticipatory 
information such as deviance races of change must be provided which will 
enable the project manager to forecast future affairs and, if necessary, 
take corrective action- 

informational networks should be provided which will facilitate 
the vertical, horizontal, and diagonal flow of communication. In a 
formal communication network , information flows are primarily vertical 
and follow the authority flow along established policies, procedures, 
methods, and organizational relations. In the informal communication 
network , information is transmitted by horizontal and diagonal channels 
that connect peers, associates, and colleagues rather chan superiors and 
subordinates. Personal communication networks differ in that position 
incumbents communicate in a personal rather than an organizational 
capacity. In a project-based organization, informational systems should 
be designed to utilize all types of networks. 

Schedule control as a basic element of project control integrates 
planning and control to conserve time as a valuable commodity. One 
important planning and scheduling technique is that of network planning . 

A network plan may be depicted graphically by a directed graph (dlagraph) 
which consists of a set of circles together with directed lines (arrows) 
that join pairs of circles. The arrows correspond to activities and 
the circles to events whose occurrence signals the end and/or beginning 
of an activity. Circles and arrows are sequentially arranged in the 
order in which activities are to be performed. 

Networks always begin with an origin event and end with one or 
more events called terminal events ; that is, time flows from a prede- 
cessor event which initiates an activity to a s uccessor event which 
terminates an activity- If two or more activities can be performed 
simultaneously, the activities are said to be concurrent- Two activities 
such that the successor event of one activity is also the predecessor 
event of the other activity are termed sequential activities . Sequential 
activities are time-dependent in that one activity cannot begin until 
the other has been completed. In many instances, concurrent activities 
are constrained in that the successor activity cannot begin until both 
predecessor activities have been completed. This constraint is represented 
by a dummy (artificial) activity depicted by a broken arrow- A variety 
of simple networks is shown in Figure 2, 

Project networks are, thus, convenient graphic devices for 
displaying project structure. However, network plans become an analytical 
tool for project scheduling and evaluation when time estimates are 
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attached to each activity. The time estimate of a network path is 
referred to as the length of the path and is obtained by adding the 
time estimates of each of the component activities comprising the path 
starting with the origin event and proceeding to each successor event 
in a sequential manner until the terminal event Is reached. The longest 
network path is called the critical path because the length determines 
the minimum time required for completion of the entire project. 

Critical events are those events located on the critical path. 

If projects are to be expedited, the accomplishment of at least 
one critical event must be expedited, for critical events pace the proj- 
ect. Slippage in any one of these critical events will delay project 
completion- Critical activities are expedited by transferring resources 
from non-critical to critical activities. A number of techniques for 
project planning and scheduling are available, of which PERT -Time and 
PERT-Cost are the best known and most widely used (Cook, 1966), 

Cost control as an element of project control has the responsi- 
bility of organizing, directing, and controlling all cost procedures 
required for the project. Costs for separate project tasks are obtained 
from project participants and accumulated into a central file. Authoriza- 
tion for the expenditure of project funds is centrally maintained. 

Periodic project audits are conducted, and estimated costs to comple- 
tion are updated. Records of costs sustained to date are maintained 
and periodically updated. Comparisons are made available between actual 
costs and programmed costs; areas of potential averages are flagged; 
and corrective action suggested. 

Overall project management is facilitated by proper project 
documentation and review. The major project document is the master 
project manual which Is the summary expression of the major policies 
and procedures guiding the project, The manual should be updated 
frequently so as to provide current information to the project manager. 
Periodic project review by an a^ hoc independent group provides an 
appraisal that often contributes to improved project understanding and 
control. A project check list provides needed structure for project 
review and evaluation and serves to identify areas where further 
planning may avert future difficulties. 
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FOREWORD 



The folicrwing seccioas coTitain the essence oi a. sraTt-wid‘- general 
system for prof essionsi personriel development in vccatiorxa'i and technical 
education^ The system*s lunccions are seen as planning, accivaiLng. and 
controlling the developmental process. The system per se is con.sidGred 
as a sec o£ activiries so sequenced as to achieve system function Each 
section corresponds co a major system activity: Activities as components 

of the developmental system indicate what action must be taken in oidei: 
to effect prof essicn^ii development- Since the system cannet operate 
directly to produce tne desired developmental results, system actions 
affect the development indirectly by controlling the direct actions of 
the developmental resources- 

The system is hierarchically structured according to a morpho- 
logical reductive process in that each major activity is rurther divided 
into subactivities which are, in turn, further divided unti!' a specified 
level of vagueness is attained- Contrary to expectations, a certain 
amount of vagueness in the activity specifications is useful — in tact, 
mandatory — for system design viability. Vagueness as contrasted with 
ambiguity provides a latitude of interpretation that is necessary if the 
proposed system is to be adaptive to a variety of contingencies untoreseen 
by the system designers An apt analogy is that of the U- S- Constitution, 
a set of rules whose strength lies in their vagueness — a vagueness that 
expresses the elusive spirit of the law without resorting to a categoriza- 
tion of specific circumstances which would have doomed it to immediate 
obsolescence - 

Whenever feasible, alternative means of carrying out general 
system activities are suggested- However, in ail cases, system activities 
unavoidably reflect a point of view, a philosophy that stylizes the 
resultant design- Without a directing philosophy, the level of vagueness 
of the activities would allow nearly complete freedom of action alterna- 
tives and, hence, would do little to reduce the potential variability 
to manageable propot tions — a condition which unrortunately characterizes 
much of systems literature 

Reduction of variety is not without its inherent price- In order 
to achieve a desired purpose, certain assumptions are stated Once in- 
corporated into the system design, they preclude other assumptions; 
thus, effectively reducing freedom of choice, Each successive system 
activity based on the given assumptions further reduces the action 
alternatives. Increased specificity of system activities increases the 
complexity of the system organization with resultant dif ficulties of 
user comprehension* 
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A PROTOTYPE EPD SYSTEM 



The (E)ducational (P)rofessional (D) evelopment system outlined in 
this paper is offered as a prototype to demonstrate the utility of the 
systems approach to developmental planning. The model system is inten- 
tionally vague so as to be sufficiently flexible to be modified to meet 
the needs of ind).vidual users. Ac certain places in the development — 
for example, the mission and goal statements — content has been added 
more for completeness than logical necessity and may be altered without 
affecting the structural integrity of the model. 

The following glossary of terms is offered in order to coordinate 
the abstract system notions previously introduced with their manifesta- 
tions in Che proposed EPD system: 

Generalized vocational capabilities - 

That commonality of values, attitudes; decision strategies, ' 

generalized skills, and information that characterizes Che 
basic human requirements for a family of jobs. 

Goals - 

To develop the human resources needed at Che (1) middle-grades 
level so as Co foster a basic occupational awareness and Co 
Initiate development of general personal and interpersonal 
work skills; (2) secondary level so as Co facilitate initial 
career decisions and Co provide parallel opportunity for 
orientation Coward professional or subprofessional career 
development; (3) postsecondary level so as Co develop Che 
general vocational capabilities required for Initial entry into 
subprofessional careers; and (4) adult education level so as 
Co develop Che general vocational capabilities required for 
progression in subprofessional career sequences. 

Mandate - 

The public interest expressed in Part F of the Education Professions 
Development Act and other supportive state laws. 

Mission -• 

To develop Che human resources needed Co provide every citizen 
Che opportunity to develop general vocational capabilities 
required for entry and progression in a career sequence Chat is 
consistent with both individual potential and Che requirements 
of society. 
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Negotiated enviionment - 

Policies, procedures, rules, and regulations o£ local, state, 
and federal agencies and institutions c 

Non-negotiated environment - 

General economic, social, political, legal, and technological 
conditions 

Objectives - 

To plan, actualize, and control projects for the development of 
human resources needed to activate the state programs of vocational 
and technical education at the middle-grades, secondary, post- 
secondary, and adult educational levels r 

Product - 

Human resources in the form of vocational teachers, administrators, 
supervisors, coordinators, and guidance personnel. 

Resources - 

Teacher education institutions; local education agencies; other 
federal, state, and- local human service agencies; private and 
non-profit organizations. 

Skill level - 

A qualitative distinction indicating differences in intensity 
rather than kind of generalized vocational capabilities. 

Supersystem - 

Division of Program Planning and Development. 

System - 

EPD system administratively housed in Office of Vocational- 
Technical Education Personnel Development. 

The organizational location of the EPD system in a hypothetical 
state division of vocational education is shown in Figure 3. The sig- 
nificant feature of the organizational chart is not necessarily the 
locus of the EPD system but the horizontal lines of authority, responsi- 
bility, and formal communication which cross functional boundaries. 

Office of Vocational-Technical Education Personnel Development personnel 
are responsible for the management of projects to provide an adequate 
supply of personnel to staff state vocational and technical education 
programs. In carrying out this responsibility, project managers must 
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Figure 3» Functional Organization of a Generalized State Department of Education 



obtain support from a variety of curricular, fiscal, special education, 
training, manpower, and evaluation specialists as well as from external 
agencies and organizations r 

Figure 4 graphically depicts the major component task, flow or a 
prototype EPD system (Coster, Dane, and Morgan, 1970), Task 1 concerns 
the establishment of priorities for program areas which reflect crucial 
current and projected technical and vocational manpower demands of the 
state.. Task 2 pertains to the identification of present and anticipated 
future State educational programs required to meet these manpower demands. 
Task 3 involves determination of personnel needs on the basis of the 
discrepancy between estimated demands for and supply of trained personnel. 
Task 4 deals with the preparation of specifications for projects to 
develop critically needed personnel. Task 5 serves to identify the 
available developmental resources, and Task 6 assigns the resources to 
projects according to specified assignment rules. Task 7 indicates how 
projects are to be managed, and Task 8 relates to the evaluation of the 
product. 

In terms of EPD system management functions. Tasks 1-4 are planning 
functions. Tasks 5 and 6 are activation functions, and Tasks 7 and 8 are 
control functions. Each task is analyzed into its constituent sequential 
activities in the following sections of this report. Whenever possible, 
various alternative means for activity implementation are presented and 
evaluated in terms of system requirements. 
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Figure A. Flow-chart of the EPD system 



PRlORlT'i! DETERMINATION 



Activity 1 - Develop State and Area Employment Proiections 

The procedural mechanism for determination of priorities is based 
on the assumption chat program priorities should reflect the critical 
manpower needs of the state- Since present needs are an uncertain 
indicator of future requirements, manpower projections are required to 
predict changing future manpower demands. 

The techniques for developing first approximations to area employ- 
ment projections can be roughly classified according to use ofs simple 
trend projections of the ratio of local to national industry employment; 
econometric regression models which predict local employment as a function 
of regional conditions such as population, demand, and per capita income; 
and industry-occupaciorial matrix to develop occupational employment 
patterns# The techniques or mix of techniques selected depends on the 
number and technical competency of available personnel, required accuracy 
and degree of industrial and occupational detail, and the availability of 
computer assistance- 

The following alternatives are suggested: 

A-1 - Obtain projections from other state or local sources, 

(+) Requites little expenditure of personnel time. Projections 
are tailor-made by area analysts familiar with local condi- 
tions and available data. 

(-) May be unsuitable for developmental purposes in that 
the details of Industrial, occupational, or area 
classifications are too gross- 

A-2 - Develop area employment projections based on extrapolations 

of local to national industrial employment. 

(+) Simple technique. Appropriate if area and national 
employment trends show a close relationship. 

(-) Questionable for area Industries chat sell in local and 
regional markets. 

A-3 - Develop area employment projections by econometric regression -a 

techniques. 

(+) Increased precision of employment estimates due to 
larger numbers of independent variables, 

(-) Requires technical sophistication for development. 
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A-A - Use national industry-occupational matrix to develop employ- 
ment projections, An industry-occupation matrix is an array 
of industries and occupations depicting the percentage 
distribution of employment in an industry across selected 
occupational classes. The Bureau of Labor Statistics (BLS) , 
in an attempt to provide guidelines for state and area man- 
power projections, has developed a national matrix for 116 
industries and 162 occupations on the basis of 1960 census 
data and has projected the matrix to 1975 based on an explicit 
model of economic growth (Bureau of Labor Statistics, 1969). 
State and area occupational projections using a national 
industry-occupational matrix can be made by a variety of 
methods; however, two methods seem especially worthy of 
discussion. 

Let 

l>ij (year) = Area employment in occupation j for the given 
year » 

Lj^ (year) = Total area employment in industry i in the given 
year. 

fij (year) = National fraction of occupation j in industry i 
for the given year as found in Tomorrow’s Man- 
power Needs (BLS, 1969, Volume IV, Appendix G) . 

Lj (year) “ Total area employment in occupation j. 

Then, by projection Method A, the projected area employment 
in occupation j for 1975 is 

n 

L. (75) = E fi. (75) L. (75) 

^ . Lj (60) • 

n 

E f.^ (60) Li (60) 
i=l 

Method B differs to the extent that an industry-occupation 
matrix specially developed for the area 1960 base period is 
required. Then, if 

LJj (year) = Area fraction of occupation j in industry i 
for the given year 

and 

L|. (75) = fij (75) .L#, (60), 

fij (60) 
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then, (75), the projected employment in occupation j i" 
1975 is 



n 

Lj (75) Z M (75) 
i=l 



Li (75) 



Both methods require area industry estimates for 1975- Such pro- 
jections should be available from other state sources. If not available 
in suitable form, they can be readily obtained from census data. However, 
care should be exercised to ensure that area employment data used for 
projection be modified to Include self-employed, unpaid family workers 
and government workers, and that adjustments be made for multiple job 
holders. Projections of area employment in occupation j for intervening 
years can be made by linear interpolation of fij (year) between fj^^ (60) 
and fij (75). 

Area occupational projections developed by either method should be 
regarded as tentative first approximations to be modified by local 
experience. Changes in the occupational structure of the national 
industry-occupational matrix and/or projected area industry employment 
allow considerable flexibility in preparation of a range of projections 
which reflect differing assumptions about future area economic conditions. 

It should be emphasized that the projections developed are estimates 
of employment demands resulting from economic growth and expansion. To 
these estimates must be added the replacement needs resulting from 
expected deaths, retirements, and other withdrawals from the area labor 
force. In lieu of actual separation data, one simple means of estimating 
number of occupational separations is to apply the national occupational 
separation rates to the estimated area projections for each occupation 
(BLS, 1969, Volume I, Appendix A). Of course, this assumes chat age 
separation rates, as well as mortality and retirement patterns for the 
area, are the same as for the nation. Another means is to apply the 
age-specific rates derived from national data to the age distribution of 
area occupations (BLS, 1969, Volume I, Table 14). The effects of trans- 
fers (geographic mobility) are generally difficult to estimate and, 
hence, should be omitted from the projections unless specific area data 
are available. 

(+) Method A is simple to use and requires only area 
industry employment projections as inputs; whereas 
Method B is more complex, as a special area matrix 
must be developed from local data. Use of BLS 
projection data represents a savings in personnel 
time; requires less technical sophistication and 
computational effort; serves as a potential source 
of information when local data are unavailable. 
Incomplete, or too gross to be useful; and provides 
a national economic and technological context for 
interpretation of state and area manpower needs. 
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(-) State and local needs may not parallel national 
stalling patterns. 



Activity 2 - Determine a Taxonomy of Programs for Vocational Preparation 

The plethora of information about vocational education must first 
be categorized into taxonomic program classes in order to serve as a 
basis for decision-making. Information about organization, administration, 
content, resources, and process of vocational instruction has meaning for 
the EPD system only to the extent that the information is expressed in 
well defined, standardized units that can be classified collectively into 
objective program classes, 

A-1 - It IS recommended that information terminology follow that 
developed in Standard Terminology for Instruction in Local 
and S tate Scho ol Systems (Putnam and Chismore, 1967), 
Vocational program areas as therein defined are: Agriculture, 

Distributive Education, Health Occupations Education, Home 
Economics, Office Occupations, Technical Education, and 
Trades and Industrial Occupations. Representative subject 
matter areas are identified, coded, and described for each 
of the major vocational program areas. Restriction of the 
domain of state vocational and technical programs to those 
subject-matter areas therein described provides the procedural 
uniformity necessary to support EPD system activity. However, 
these categories are arbitrary and in no way preclude the use 
of ocher subject-matter representation. 



Activity 3 - Project Manpower Needs for Vocational-Technical Program Areas 

This activity involves determination of occupations for which a 
particular vocational program would be potentially useful. A program is 
said to be a useful preparation for an occupation if the primary program 
intent is Co increase the skill level of the generalized vocational 
capabilities associated with Chat occupation. In the absence of more 
definitive, data relating generalized vocational capabilities to occupa- 
tions and curricular program areas, .determination of potential utility 
must be subjectively based. 

A-1 - A tentative assignment of program areas to the occupations 
for which the program preparation appears most relevant is 
presented in Figure 5. Program areas are assigned to 
occupations whose requirements appear most congruent w^lrh 
the subject-matter descriptions of programs given in Put:^^^am 
and Chismore (1967 . The occupational titles are those 
used in the BLS tables (Volume IV, Appendix F) . The 
assignment procedure appears workable for all pro^iiam areas 
except for gainful employment in home economics-related 
occupations. In this instance, the BLS occupational 
classification appears too aggregate to provide acceptable 
estimates without further refining assumptions. 
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Given a program area-occupation correspondence, pro- 
jected requirements are individually estimated for each 
occupation using the techniques identified in Activity 1, 

The projected labor demand for each program area is then 
obtained by summing over all occupations associated with 
that program area^ Unless total employment needs are used, 
estimates will reflect only the employment requirements 
resulting from economic growth. If total future manpower 
needs are to be estimated, replacement needs for each 
occupation should be estimated, added to the projected 
employment deiP'vnd, and then summed over relevant occupations 
to generate estimates of total manpower needs for a given 
program area. 

A-2 - An alternate technique for projecting vocational require- 
ments has been developed by the National Center for Educa- 
tional Statistics (1967) c Their technique involves three 
steps: (1) projection of employment by industry, (2) 

preparation of an industry-program area matrix, and (3) 
estimation of program area requirements by multiplication 
of Industry employment projections by program proportions 
and summing over the relevant industries. 

(+) A-1 IS simpler to operationalize than A-2, which 

requires the development of an area industry-program 
matrix depicting the proportion of employment in each 
industry for which a specific vocational program area 
would provide useful preparation. Conversely, A-2 
may provide a more accurate appraisal of local demand 
for formal vocational education programs. 

(-) Both procedures produce somewhat exaggerated estimates 
of program demand as the contributions of private 
intra-organizational training and developmental efforts 
are generally not accounted for due to absence of valid 
data. 

Activity 4 - Establish Area Planning Regions 

Diversity of economic and demographic characteristics is generally 
greater between chan within geographic areas and thus argues for dividing 
Che state into separate planning regions. The boundaries of the planning 
regions should generally conform to county lines and should be determined 
by such factors as the boundaries of: the Appalachian Development Region, 

local development districts within this region, recognized state planning 
regions, regions designated by Che Office of Business Economics, and 
local area labor markets ; 
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Activity 5 - Determine Planning Region Priority 



Let the following variables be defined for each of N planning 

areas : 



X], = Ratio of planning region population to state population. 

X 2 ° Estimated population growth rate over the planning span. 

X 3 = Ratio of planning region median Income to state median Income. 
X^ = Ratio of regional unemployment In 14-25 age group. 

X^ s Ratio of public assistance recipients. 

Xg s Ratio of physically handicapped. 

Xy = Ratio of mentally handicapped. 

Xg = Ratio of school drop-outs. 

X 9 Ratio of households with annual Income under $3,000. 

Xio Ratio of regional population with less than 9 years formal 
education. 

Definition ; The regional priority (Pj) for the planning 
region Is 



8 

P. = Z Wi Xi/d-Xg) (1-Xio) * 

•' 1=1 

where Wi are arbitrary positive weighting constants which reflect the 
relative importance of each variable. The weights which reflect subjec- 
tive expert judgment would be obtained by application of the Delphi 
technique (Helmer, 1966). 



Activity 6 - Determine Priorities for Vocational Program Areas within a 
Specified Planning Region 

Let 

= Ratio of current employment related to the l'' program area 
to current total employment in the j**^ planning region. 

Xj^j = Unemployment rate in the j**^ region for the occupations 
served by the 1 *^^ program area. 

= Estimated average change of X^^j over the planning span. 
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Z^j = Estimated average change of W^j over the planning span. 

Definition ! The priority index (P^j) for the 1*-^ program area in 
the planning region is 

Pij = Wij (l-Xij)[l-aYij + bZij], 

where a and b are positive weighting constants, and a + b ^ A p where A p 
is the length of the planning span. The restriction on the weights is 
necessary to ensure that ^ 0. 

The priority for the 1*-^ program area, P^^, is defined as 

N 

Pi = E Pj . Pij , 
p«l 

where N is the number of planning areas, i.e., the priority for program 1 
is the sum of the within-region priorities for the l*-l^ program weighted 
by the planning region priority. In this manner, general economic and 
demographic factors associated with the planning regions are allowed to 
Influence the overall program priorities, whereas within-region program 
priorities are a strict function of employment needs. 
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PROGRAM IDENTIFICATION 



The most immediate putpose of vocational education is the attain- 
ment of kncn^ledge; Knox^ledge as an organized set or beliefs (supposi- 
tions) about the nature of "reality" can be classified as: knowledge of ' 

the existence of objects and/or events; knowledge about the attributes / 
properties, or characteristics of objects and/or events ; and knowledge " 
of how to control objects and/or events. Knov;ledge is viewed as /an 
organized experience created by man in an active encounter with/his 
envirorunent and never Jiscovered as natural truths. Since a, claim cannot 
be validated against a criterion of unknowable absolute truth, knowledge 
must be evaluated according to the degree to which it serves- human need. 
Knowledge is assumed to serve txro major purposes: first, to anticipate 

future events, and second, to control future events (Meehan, 1968). 

Knowledge, then, is instrumental in reducing the uncertainties 
associated with an as yet unexperienced future. l-Jhether the purpose is 
to reduce uncertainty by anticipating future environmental states or 
by intervening so as to modify the likelihood of the occurrence of 
specific future environmental states, reliable expectations (beliefs) 
about che future are required. These expectations about future environ- 
mental states of affairs are created as the product of theory which 
serves as the basis for knox^ledge. 

The role of theory in education is cogently summarized by Marc 
Belth (1965), who argues; 

It is not until we postulate a contextual character 
of knowledge that education changes from passive verbal 
exposure to active exploration. We must see the relation- 
ship of a statement made to the theories from which it 
derives and to che models by means of which it is inter- 
preted. Then It becomes clear that knowledge depends upon 
a grasp of (1) process, (2) theoretical, explanatory grounds 
(the basis for the contextual character of knox^rledge) , and 
(3) analysis of terms and events. When this fact enters 
into consideration, knowledge ceases to be a matter of 
absorption and becomes. Instead, the very subject of 
inquiry 

If the function of education is development of 
knoxfledge, we must add a fourth condition to the three 
noted above: a concern for ways in which knox^rledge is 

created and altered. What enters into the knowledge- 
making process cakes on che most fundamental importance 
in the study of education. Thus, we become obliged to 
examine the role of theory in the development of knowl- 
edge and in che employment of knowledge, or che act of 
thinking . 

The following notions will be used in examining the role of theory 
In education: 
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Axiom - 



A basic statement about a construct. 

Axiomatic system - 

The const ructural variables and the set of associated axioms. 
Concept - 

A class (set) of percepts embodying a common feature. 

Conceptual framework - 

An Interrelated set of concepts that serve to define the 
phenomena of Inquiry. 

Conceptual variable - 

A rule for assigning a symbol to a percept which Is a member 
of the concept. 

Conceptualization - 

The process of creating a conceptual framework. 

Construct - 

An entity of an abstract or Idealized world. 

Construccural variable - 

A rule for assigning a symbol to a state of the construct. 
Description - 

A set of propositional assertions corresponding to an empirical 
situation. 

Empirical situation - 

An Instance of a phenomenon defined as a set of percepts generated 
over a time frame which are members of the concepts comprising the 
conceptual framework. 

Explanation - 

Making an empirical situation Isomorphic to a theory. 
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Isomorphism - 



The condition of a model describing an empirical situation, if 
and only if for every relationship between the constructural 
variables of the axiomatic system there exists a parallel 
relationship between the corresponding conceptual variables of 
the conceptual frameworkt 

Logical argument - 

A claim that a statement follows from the conjunction of axiomatic 
statements- 

Logical calculus - 

Operational rules for determining the validity of a logical 
argument .. 

Model - 

A loaded theory; one in which there exists a one-to-one correspond- 
ence between the constructural variables of the axiomatic system 
and the conceptual variable of the conceptual framework. 

Percept - 

An attribution of object/event entity to an organization of 
sensory flux. 

Phenomena - 

The object-event domain of inquiry. 

Proposition - 

A declarative concatenation of symbols according to grammatical 
rules which corresponds to a relationship between concepts. 

Sensory flux - 

The fundamental "stuff" of the external world. 

Theorem - 

A statement chat follows from the axioms by logical argument. 

Theory - 

A set of logically valid theorems derived from an axiomatic system. 
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The anairmu.nt and development ot knowledge are seen as an inquiry 
process wherein claims to know are pragmatically validated against the 
purposes served In essence^ man as an inquirer receives information, 
processes in, and takes appropriate action- To receive iniormation is 
something ot a misnomer in that it implies a passivity on the part of 
man, an acceptance ot something that is offered from an outside source< 

On the contrary, man participates in the creation of the information he 
receives. Information does not reside in its stark completeness in the 
external world to be received as such; it is created by man.- 

The external world is a stream of undifferentiated but potentially 
orderable sensory flux that presses on man and is expressed by him as 
representations ot an external objective reality. Through the process 
of perception, man objectifies his external world by creating a mediated 
world of perceived objects and events. Thus, percepts legitimise the 
existence of objects as spatial and events as temporal patterns in the 
perceptual world. 

Meaning is attached to percepts only when they can be. regarded as 
particulars of universal classes called concepts . Concepts as classes 
are the rules whereby experience is organized and as such provide the 
distinction between the particularity of a presently experienced percept 
and the timeless universality of its class. Unity of experience is 
achieved through the diametrical means of analysis and synthesis- 
Although a logical synthesis is sought — a knowing of the particular per- 
cept only as an instance ot a universal concept — this synthesis is no- 
where accomplished until experience is changed into a form which can be 
synthesized into an ordered structure. Before objects and events can be 
comprehended in a structural unity, they must first be analyzed in terms 
of features that have no direct existential counterpart in the flux of 
sensory experience. It is only through the identification and subsequent 
relating of features such as traits, attributes, or basic constructural 
elements that perceptual order is perceived. To identify the percepts 
requires a differentiation into the constituent elemental features and a 
classif xcation according to concepts, while relating perceptual entities 
requires a combination of these features. In this sense, perceptual 
organization is dialectical in that the process always operates both 
analytically and synthetically in the transformation of percepts into 
their concept equivalents and the subsequent conceptual regroupings. 

The focal point for systematic inquiry is determined by the 
phenomena under consideration and is a function of the conceptual frame- 
work brought to bear in the inquiry process. The conceptual framework 
provides the logical foundation or ground which makes possible the 
regrouping of perceptual experience (percepts) into an unequivocal 
determination — a unified view in which particular objects and events 
attain meaning in the context of a conceptual structure. The conceptual 
framework serves as a filter, a pair of spectacles, that shapes by 
inclusion and exclusion what the observer will "see." Facts, then, are 
not immutable states of "reality" to be discovered, but rather they 
depend on the discriminative power of the chosen conceptual framework. 
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Concepts as classes of objects and events are human liwanL ..cvn^ . 

The symbols used to represent concepts are drawn from a language ir. whii.' 
object-classes are generally referred to in the noun form and event- 
classes In the verb form- Classification, modification, and invention 
of concepts are of major importance in the attainment of knowledge. Con- 
ceptualization of an area of inquiry is hindered by the conceptual in- 
adequacies of ambiguity and vagueness. Ambiguous concepts, by definition, 
do not have well-defined classif icatory properties; hence, assignment of 
perceptual referents cannot be justified. While ambiguity is to be 
avoided, vagueness in the early stages of concept formation and usage 
is frequently beneficial in that it prov:j.des needed latitude to explore 
new dimensions of perceptual classification that may have potential 
utility. Of course, ultimately, a concept must be more precisely defined 
if it is to serve a variety of purposes. ’ 

Conceptual variables are linked to form propositions which describe 
an empirical situation - For example, the propositional assertion, "water 
boiled at 212® F," requires a conceptual framework consisting of the inter- 
section of three concepts symbolized by "water," "boiled," and "212® F." 

An empirical situation exists when a percept is created which is a referent 
(member) of all three classes, i.e., is in the intersection of the three 
concepts. If the percept is a member of all three classes, it is simultaneously 
assigned the symbols "water," "boiled," and "212® F" according to grammatical 
rules. The proposition is, thus, a symbolic, historical accounting of the 
existence of a percept that was a member of all three concept classes of the 
conceptual framework. 

Percepts as organized experience are products of past encounters with 
the environment. Hence, description can attest only to those past situations 
that man has experienced in a temporal-spatial context- In the example, the 
past tense is appropriate since "water boils at 212° F" is not an assertion 
of what man has already experienced but rather a declaration of what he might 
expect to experience. 

Descriptions as knowledge "of" and knowledge "about" an empirical 
situation say nothing about "how" nor "why" the events occurred. Further- 
more, there is no explicit justification for expecting past relationships 
to project unchanged into the future and, hence, no basis for an inductive 
extension of experience. 

In order to create knowledge of "how to do," relations between ante- 
cedent and consequent events must be established so that control at least in 
principle is possible by manipulation of the antecedent events. In other 
words, there must be some logical reason to expect chat alteration of one 
or more relevant variables will produce a change in the remaining variables. 

Anticipated relations between real-world events are fabricated in 
an idealized, hypothetical world — a world where, by definition, primitive 
entities referred to as constructs are governed by logical rules. The 
undefined mental constructs are given objective representation as 
constructural variables , hereafter referred to as variables. Basic state- 
ments about existence, attributes, behavioral characteristics, and inter- 
relatedness of the variables are referred to as formal axioms and serve 
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CO explicace the tote oi the variables in the hypochecicai world- 

The variabiss together with the set of 

associated axioms constitute a for mal axioma tic system (Delong, 1971). 

The variables of the formal system are combined to produce formal 
axiomatic sentences such as -r V_l" or "it Vj and V2, then Vi" 

according to forma tion rules which indicate the legal ways in which 
variables may be combined to produce formal sentences. Sentences are 
manipulated to produce new formal sentences by the application of 
transformation rules - Continued application of transformation rules 
to axioms and/or formal sentences generates a finite string of state- 
ments called a p ro of , the last statement of which is a theorem -. 

The form of the theorem is completely specified by stating the 
variables, the allowable operations on the variables, the formation 
rules, the transformation rules, and the logical assumptions. For 
brevity, these operations, formation and transformation rules, and 
logical assumptions are referred to together as a log ical calculus . 

The validity of a theorem is established by logical argumentation rather 
than empirical verification A theorem is said to be valid if it is 
implied by an application of the logical calculus to the variables. 

Only logical inconsistency can invalidate a theorem. A theorem is 
inconsistent and, hence, invalid if it is possible for the theorem to be 
the negation of some other statement; i.e-, contradictory statements are 
implied by the formal system- Thus, if the axioms ate assumed to be 
true statements, all valid theorems are true by implication. Since 
axioms as descriptions of an idealized world can never be empirically 
verified, truth has meaning only in the context of logical consistency. 

Theory, then, consists of a set of general statements that are 
timeless in that the variables, being undefined, have no specific 
empirical referents = Although the theory refers to no definite empirical 
situation, it can be said to refer to all empirical situations for which 
the axioms generate useful explanations. The fact that the formal axioma- 
tic system and its associated logical calculus are concerned with the 
form of the argument and not its content represents the greatest power 
of theory as it allows explanation to go beyond the contextual limitations 
of sensory experience. 

Theory must be linked with empirical descriptions in order to 
provide reasonable expectations concerning the consequent effect of altering 
antecedent empirical events. The linkage is provided by loading a theory 
to create a mode l of an empirical situation- A theory is said to be 
loaded when variables of a theory are linked via coordinating defini- 
tions with the conceptual variables used to describe an empirical situa- 
tion. For example, V = C ' R is a theory relating the variables V, C, 
and R. It V = voltage, C current, and R * resistance, then the variables 
are loaded by measuring the volts, amperes, and ohms, respectively, in an 
empirical situation consisting of a power source and a circuit. The 
coordinating definitions are provided by the rules of correspondence 
built into the structure of the measuring instruments. 
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An empirical situation is said to be explained if the empirical 
description is entailed by the theory, i.e,, if the model is isomorphic 
to the empirical situation. It is important to note that since only 
change requires explanation, all descriptions of empirical situations 
must contain a record at change in order to be explainable. Thus, the 
process of explanation requires (1) a phenomenon of inquiry manifested 
in an empirical description that contains a record of change, (2) a 
formal axiomatic system to generate expected relations between a set of 
constructural variables, and ( 3 ) a loaded model that produces a predic- 
tion about the content of an empirical situation that is in accord with 
actual observations. This three— step process of explanation is graphically 
portrayed in Figure 6. 

As an example, suppose that the phenomenon to be explained is the 
noticeable increase in temperature of a circuit when additional household 
appliances are connected in parallel. The description of an empirical 
situation cbhtains a record of two changes: one in the increase in 
circuit temperature, the other the number of appliances connected in 
parallel. The empirical situation is described by the conceptual variables 

= number of appliances connected in parallel 

V2* = temperature of the circuit 
and the connecting relation 

St an increase in the value of was accompanied by an increase 
in the value of V2*, 

where the concepts of number, appliances, connected in parallel, and 
temperature are used in their ordinary grammatical meaning. 

The formal axiomatic system contains the four variables V2, 

V3, V4 and the axioms: 

A]^ : is the product of V2 and 

^2* ^1 ® constant 

A3: varies directly as V2« 

Application of a logical calculus to the axioms establishes the 
theorem: 

If V3 decreases, then an increase in is to be expected. 

The formal theory is now loaded in the following way. 



Let 



= amount of voltage (volts) in the circuit 
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Figure 6. Three-Phase Explanatory Process 



V2 - amount of current (amps) in the circuit 

V3 - amount oi ef receive resistance (ohms) in the circuit 
- temperature ct the circuit: 

Consequently, loading the formal theory produces the model: 

Rj^: An increase in amount of circuit temperature is to be expected 

if the amount of effective resistance is decreased: 

If It IS assumed chat increasing the number of household appliances 
connected in parallel corresponds to lowering the effective resistance, 
then the model is isomorphic with the description of the empirical 
situation, R]^*, and the description is said to have been explained by the 
model: The explanation provides an answer to "why" the circuit temperature 

increases by positing an idealized world in which an increased amount of 
current releases heat in the process of passing through the wire. 

The system paradigm of explanation herein defined is offered as 
the procedure whereby man creates belief patterns which are imposed on 
his stream of perceptual experience in ways that allow understanding of 
the past, explanation of the present, and control of the future. Models 
as sets of beliefs or expectations about empirical situations are the sole 
means wherein man comes to know his world- Reality is revealed only through 
Che mediational ascriptions of models 

Whereas models serve as predictors of specific empirical situations, 
theory as the implications of formal axiomatic systems pertains to a 
general class of empirical situations, i-e., to the phenomenon of inquiry. 

In the sense that models are maps of concrete, bounded networks of events, 
models can be regarded as observable manifestations of theories employed 
in specific time-place situations- Theory, then, is the fount of models. 
Taken collectively, theories provide the supportive rationale for man's 
claim to understand, predict, and control the flow of situations encountered 
as he transacts with his environment - 

Theory as valid logical implications about a domain of Inquiry is 
the result of a logical calculus applied to an axiomatic system. The 
logical calculus underlies the formation of theories and constitutes the 
"rules for rationality" that channel the reasoning process. Rationality , 
then, is simply the formation of theory according to formative rules. 
Rationality need not, indeed should not, be construed as the use of 
public rules of formal logic. The only condition for rationality is 
that the validity of a logical assertion (theorem) be determined by a 
consistent domain of rules- 

Since explanation of specific event situations inherent in models 
is dependent upon purpose, it follows that not all models are equally 
useful. To be useful as an explanation, a model must be isomorphic to 
a given empirical situation. However, no model ever fits the data exactly, 
as the empirical situation is always richer in detail and variability 
than the proposed explanatory model. The important consideration is not 
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that the model match every conceivable nuance of the empirical situation, 
but that the model mirror the significant structural relations sufticiently 
well to achieve the purpose for which the explanation is to be used. Thus, 
goodness of fit is relative and allows partial and incomplete systems to 
be used in a variety of situations in which an imperfect answer is better 
than no answer at all* 

Purpose, then, makes oversimplification tolerable and expediency 
virtuous* The seriousness of aberrations and discrepancies resuliing 
from errors of commission and omission must be evaluated against the 
purpose. Contrary to some exponents who advocate truth as the arbitrator 
and who hold that a single instance to the contrary is sufficient to 
determine falsehood of a statement, theories are generally not discarded 
at the first sign of imperfection* This is not to say, however, that the 
theory should be retained and data forced to fit regardless of the conse- 
quences* Ultimately, descriptions that cannot be suitably explained will 
necessitate modification or replacement of the axiomatic system that 
generated the theory . 

System utility is established by empirical test* When it has been 
established by historical records, observation, or experimentation that 
induced change in a set of antecedent conceptual variables in an empirical 
situation does in fact produce the predicted change in a set of consequent 
conceptual variables within acceptable tolerances, the model is a bona 
fide explanation with established capacity to influence the empirical 
situation by deliberate action. Certitude of the theory, however, is 
dependent upon replication over situations* Those theories which produce 
useful predictions when applied to a variety of situations are treated as 
established explanatory systems* 

The significance of theory as a belief about reality Is dependent 
upon the scope, precision, power, and reliability of the explanation 
(Meehan, 1968), The scope of an explanation refers to the variety of 
empirical situations for which the explanation is applicable and depends 
primarily upon the generality of the concepts used to load the theory. 
Precision refers to the exactness with which concepts used to load the 
model are linked to empirical referents through measurement operations. 
Explanatory power refers to the degree of control provided over empirical 
outcomes and depends on the precision of the description and the complete- 
ness and precision of the explanation* Reliability refers to the 
consistency with which the explanation produces useful results over a 
range of situations. It is obvious that the evaluative factors are 
interdependent as, for example, reliability may be increased at a sacri- 
fice in precision. Thus, significance of theory can only be resolved in 
the context of the use to which knowledge is applied* 

The inquiry process whereby man knows reality is seen to consist 
of the complementary processes of description, explanation, and evalua- 
tion, (See Figure 7,) Since acquisition of knowledge is the generally 
acknowledged purpose of education, it follows that education should be 
concerned with the process by which knowledge is organized, transmitted, 
and expanded* That is, education should be concerned with the development, 
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use> and evaluation of the axiomatic systems^, theories, and models that 
give form and meaning to the manifold content of human experience < 

Education^ then> is a study of the inquiry process. The study of 
any process is bi~phasic in that it requires (1) a study of structure, 
which is process frozen in time, and (2) a study of change in structure 
over timen The phases when applied to the inquiry process translate 
into a study of practice and a study of theory. The study of practice 
involves a structural analysis of formal systems used to explain a certain 
class of empirical situations^ More specifically, the study of practice 
investigates the method used to create specialized knowledge in terms of 
the phenomena of inquiry, conceptual framework, conceptual and constructural 
variables, axiomatic system, logical calculus, theory, model, coordinating 
definitions, purpose, and means of evaluations Study of theory involves 
study of formal axiomatic systems, their logical calculi, and the impli- 
cation for theory generation. The intention is not to study a specific 
system and associated theory in isolation, but to analyze the formal 
properties of a variety of systems in order to establish general proposi- 
tions about explanatory systems* In essence, the study of theory is the 
study of the invention of systems — an attempt to develop a meta-language 
and a meta-logic with which to compare and contrast the study of formal 
systems and to evaluate their implication for achievement of a desired 
purpose- 

Thus, the study of education involves the study of practice (the 
study of the way in which theory is used) and the study of theory (the 
study of the way in which theory is constructed, evaluated, and recon- 
structed). Ignoring either has serious repercussions for the inquiry 
processc Emphasis on the study of practice at the expense of theory 
leads to indoctrination with the consequent development of an inflexible 
inquiry process that stifles the innovative capacity required to cope 
with changer Conversely, emphasis on theory modification at the expense 
of practice ignores the ultimate purpose of knowledge — control through 
direct action: It should be emphasized that practice is not to be con- 

strued as the absence of theory, but rather as the application of theory 
for the achievement of a desired purposee Nor should the study of theory 
be regarded as independent of practice, for purpose achieved through 
practice is the ultimate justification of any formal explanatory system* 

The process of inquiry as the root-process of education can be 
analyzed to determine the component activities of education that when 
related constitute the organized activity of educational achievement: 

Since the inquiry process is a tripartite process, it is a logical 
extension to analyze the subprocesses of description, explanation, and 
evaluation in terms of the general activities required in carrying out 
the process e The descriptive process is seen to depend upon the activities 
of exploring and describing ; the explanatory process to involve the 
activities of analyzing and modeling ; and the evaluation process to 
require the activities of valuating and inventing * 



The descriptive process Is manifested in time and space as an 
empirical situation described by a set of assertions. The form and kind 
of empirical situation created depend upon the chosen conceptual frame- 
work and the purpose of inquiry. The breadth and variety of situations 
encountered, however, depend upon a drive to explore new situations sus- 
tained by an interest in inquiry and a concern about its outcome. 
Explanation cannot be separated from the other processes for exploration 
must be guided by an awareness of the total context in which inquiry is 
taking place. In other words, exploration as an activity is meaningless 
in the absence of some conceptual framework to identify the objects and 
events of interest, to classify them into related secs, and to relate 
them in time and space, and in the absence of some purpose to justify 
their significance. Thus, the act of describing complements the act of 
exploring as it involves conceptualization of an area of inquiry, creation 
of an empirical situation, and symbolization of the intrinsic event rela- 
tionships comprising the situation. Descriptive skills depend upon 
power of: (1) perceptual observation such as seeing, hearing, tasting, 

touching, and smelling; (2) conceptual operations such as identifying, 
classifying, collating, collecting, and relating; (3) manipulation of 
linguistic signs and symbols; (4) instrumental usage to augment man's 
observational capabilities; and (5) memory to conserve the observable 
results. 

Explanation as process requires (1) that a formal axiomatic system 
be used to generate theorems which serve as a warranty for expectations 
about some aspect of the empirical world and (2) that the constructural 
variables of the system be loaded with conceptual variables deemed to be 
the empirical counterparts of their theoretical referents. The process 
of drawing tentative conclusions by reasoning from something assumed is 
temned inf er enc e-making and is at the heart of tVie use of axiomatic 
systems to generate expectations about the future. Analysis as the act 
of inference-making involves a set of assumptions about a non-observable 
world (axiomatic system) manipulated according to certain rules of 
rationality (logical calculus) to discover what hypotheses (theorems) 
not presently known are entailed by the assumptions. Thus, analysis is 
the act of expanding knowledge by reasoning from the knotm to the unknown 
within the context of a formal system. The theorems of the formal system 
are generalized "if . . . then ..." statements about a pattern of 
constructural variables and are manifested as models of some specific 
organization of empirical events when appropriately linked with the 
empirical world. This linkage process is termed modeling and provides 
the bridge between the abstract cognitive world of formal systems and 
the concrete experiential world of empirical description. 

The final step in the inquiry process is evaluation of the explan- 
atory power of the model. As previously defined, an empirical situation 
is said to have been explained by a model if the model is isomorphic to 
the empirical situation. However, isomorphism is never perfect. Con- 
sequently, the degree of fit must be evaluated according to the purpose 
to be served. The act of valuating involves (1) direct intervention in 
an empirical situation according to the patterns of the model to induce 
a change In the value of a set of antecedent variables (independent 
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vsrlsbles), (2) obs6iv3cion of corresponding chsnge in Lb'*, vslues of s 
sec of consequenc variables (dependent variables), (3) covparison of 
the observed change in the dependent variables with the expected change, 
and (4) judgment of the significance of any discrepancy for attainment 
of a desired environmental state of affairs. Valuation, then, depends 
upon the skills to locate stable patterns between independent and 
dependent empirical variables to be explained, to intervene in the 
situation with sufficient finesse to alter only the independent variables 
of interest, to measure reliably the effects of induced change on the 
dependent variables, and to evaluate the significance of the difference. 
Significance of variations between observed and expected states of the 
dependent variable depends upon the criticalness for attainment of the 
desired outcome and can only be determined in the broader context that 
establishes the necessity for control. Confidence in the utility of the 
theory to explain empirical situations increases as a function of the 
number of successful replications. Theory that maintains its explanatory 
power over a variety of purposes achieves the status of an established 
belief accepted as a certainty that no longer requires continual valida- 
tion. 



Theories can remain inviolate, however, only at the risk of 
curtailment of intellectual vitality, New situations encountered and 
new problems posed continually challenge the explanatory power of existent 
theory and press for replacement with more expansive constructions. Thus, 
the highest and most complicated deliberative activity of education is 
that of inventing new theories to increase awareness of a wider world. 

The imaginative creation of new models is made possible by analysis with- 
in a formal system whose implications are other formal systems — a system 
for building systems. Innovation guided by systematic method removes 
creation from the singular, discrete act and argues for the educational 
development of inventive powers that allow man to envision what might be. 

In summary, the basic notion advanced in this chapter is that the 
elemental operational activities of exploring, describing, analyzing, 
modeling, valuatlng, and inventing guide every act of inquiry and, when 
organized as depicted in Figure 7, constitute the inquiry process. The 
grand strategy whereby the basic operations of the inq'uiry process are 
formed, controlled, and focused on the production of an explanation that 
directs action in a specific situation is referred to as method . M'lithod, 
then, refers to the procedures by which knowledge is produced and as 
such is the essence of doing any disciplined activity. The relevance for 
education is summarized by Belth (1965) who writes: 

In the study of education, the object is not to produce 
knowledge of some facet of gross, direct experience. The 
goal is to produce knowledge of the models and of the 
procedures, or methods, by which knowledge in each of the 
various disciplines is produced, in order to enable others 
to become competent in some discipline. 
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He goes on to state that: 

An effective way of Identifying any discipline is to 
identify its method — the way in which the vatious elemental 
operations balance against each other in the performance of 
the discipline These operations are distinctive because 
of their objectives, the material which they confront, and 
the laws which affect them. 

The analogy to jobs is immediate. If a job as disciplined activity 
is regarded as an inquiry process, then the way in which the type and 
level of abstraction of the operational activities of exploring, describing, 
analyzing, modeling, valuating, and inventing are allocated against each 
other identifies a particular job; that is, these six activities provide 
the dimensionality tor a factorization of jobs into clusters- The clusters 
are meaningful tor curricular development in that they identify comnalities 
of method of inquiry across a variety of jobs that should be nurtured by 
the educational programs. The implication is that vocational education 
programs should be concerned with development o£ learner skills to con- 
struct, use, evaluate, and reconstruct theories o£ inquiry which structure 
the meaning of experience and direct consequent action. Collectively, 
these skills represent developed power to apply method over a field o£ 
related jobs and, hence, constitute a generalized vocational capability . 



Activity 1 - Cluster Jobs According to Required Generalized Vocational 
Capabilities 

A-1 - The 3rd edition o£ the Dictionary of Occupational Titles 
(DOT) has classified some 18,000 jobs according to the 
premiss . . that every job requires a worker to function 
in relation to Data, People, and Things, in varying degrees" 
(Manpower Administration, 1965, pp. 649-652), Each of the 
three activities has been scaled on a nine-point scale as 
i us t rated : 





Data 




People 




Things 


0 


Synthesizing 


0 


Mentoring 


0 


Setting-up 


1 


Coordinating 


1 


Negotiating 


1 


Precision Working 


2 


Analyzing 


2 


Instructing 


2 


Operating - Controlling 


3 


Compiling 


3 


Supervising 


3 


Driving - Operating 


4 


Computing 


4 


Diverting 


4 


Manipulating 


5 


Copying 


5 


Persuading 


5 


Tending 


6 


Comparing 


6 


Speaking - 


6 


Feeding - Off-bearing 








Signaling 






7 


No significant 


7 


Serving 


7 


Handling 




relationship 










8 




8 


No slgnlr leant 


8 


No significant 








relationship 




relationship 



45 



Data is therein defined as: 



Information^ knowledge, and conceptions, related to 
data people, or things, obtained by observation, inves- 
tigation, interpretation, visualization, mental creation; 
incapable of being touched; written data take the form 
of numbers, words, symbols; other data are ideas, con- 
cepts, oral verbalization; 

People as: 

Human beings; also animals dealt with on an individual 
basis as if they were human; 

and Things as: 

Inanimate objects as distinguished from human beings; 
substances or materials; machines, tools, equipment; 
products f A thing is tangible and has shape, form, 
and other physical characteristics* 

For purposes of brevity, the descriptions of the activity levels 
given in the DOT are not repeated. 

In the DOT classification scheme, each job is rated on each 
scale according to the highest level of activity required for job 
performancet Activity levels are hierarchically ordered from the 
simplest to the most complex so that each activity subsumes all the 
less complex levels and none of the more complex levels* 

In addition to relationships with data, people, and things, 
the DOT also classified jobs according to worker traits which are 
defined as "those abilities, personal traits, and individual 
characteristics required of a worker in order to achieve average 
successful job performance ^ 

The components of worker traits are: 

a* Training time which consists of the general educational 
development and specific vocational preparation required 
to develop average job proficiency. General educational 
development embraces the levels of reasoning development, 
mathematical development, and language required for 
average job performance which is simultaneously scaled 
on a six-point scale. Specific vocational preparation 
pertains to the amount of time required to learn to 
perform a job and is scaled on a nine-point scale 
ranging from level 1 — short demonstration only — to 
level 9 — over 10 years. 
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b< Estimates of how much of each of the following aptitudes 
IS required tor average job performance: intelligence, 

verbal, numerical, spatial, form perception, clerical 
perception, motor coordination, finger dexterity, 
manual dexterity , eye-hand- -foot coordination, and 
color discrimination. Aptitudes regarded as being of 
special significance for job performances are flagged 
in bold-faced type in the qualifications profile. 

c. Significant preference areas expressed as five bi-polar 
interest factors. 

dt Classification of types of occupational situations 
encountered . 

e. Physical demands required of a worker classified 
according to six levels of physical activity. 

ft Working conditions classified according to seven levels 
of physical surroundings. 

The jobs in the DOT are classified into 114 clusters 
termed w orker trait groups . Each worker trait group pro- 
vides the following information: 

a. Tide of the trait group. 

b. Three-digit classification indicating level of activity 
requirement for dealing with data, people, and things. 

c. Brief description of work performed. 

d. Clues for relating applicants and requirements. 

e. Types of training generally required and the generally 
accepted method of entry. 

f . Related worker trait groups. 

g. Qualifications profile of ratings on worker traits. 

While not explicitly linked in the DOT, the worker 
traits bear an obvious relation to the basic operational 
activities of the inquiry process and can, therefore, be 
regarded as the coordinated definitions for the generalized 
vocational capabilities. "Comparing" data, for example, 
primarily emphasizes the act of describing. Conclusions 
drawn from the data involve a minimal amount of inference- 
making (analysis) and evaluation since the axiomatic system 
serves as a series of self-evident truths that justify the 
use of certain relations between variables — as, for example, 
the use of the number system as the authority for the order 
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relacion ’‘greater than ” In ccnirast, the acLivity 
“synthesizing" primarily emphasizes the inquiry acrivity 
ot inventing; which m turn involves ail the. ocher inquiry 
activiLies in a complex pactetn whose form is governed by 
the method ol; inquiry chaLacteLiscic oi che job In like 
manner, iavei 6 ol “reasoning development*' requires the Job 
incumbent to “apply principles ot logic or scientific 
chinking to a wide range oi; inteiiectuai and practical 
problems Scientific thinking refers to the appli- 

cation of scientific method to determine lorm and nature 
of knowledge and as such tepiesents a specialized organi- 
zation of the inquiry process by which knowledge comes to 
be obtained* Level 1 requires only that an incumbent 
“apply common sense understanding , , , Thus, the 
distinction between level i and level 6 activities in 
reasoning development rests upon the distinction between 
science and common sense, a distinction which clearly 
revolves around differences m the methodology of inquiry. 
Similar arguments can be made for the associated mathemati- 
cal and linguistic dimensions of general educational 
development . 

(i-) The DOT offers a comprehensive classification of the 
domain of jobs unmatched in coverage by any other 
source- The worker trait groups serve to classify 
jobs according to generalized vocational capabilities 
as well as to provide supplementary information- The 
worker trait components and Data-People-Things rela- 
tionship can be interpreted in the broader theoretic 
context of a job as an inquiry process with consequent 
ramifications for curricular development; The DOT 
also provides a standardiz6id classification job 
taxonomy- 

(-) Restricted to the limitations inherent in DOT construc- 
tion, i,e- , subjective judgments regarding classifi- 
cations, assumptions in scale construction, defini- 
tions used, method of establishing job clusters, and 
possibility of regional differences in job definitions. 

A-2 - Develop tailor-made scheme to cluster jobs according to 
generalized vocational capabiiitiesr 

(+) Control of formative assumptions- Freedom to choose 
coordinating definitions of generalized vocational 
capabilities whereby concept is linked to educative 
theoretical base may increase relevancy for curricular 
development- More sensitive to regional and area 
differences in job structure- 

(-) Large expenditure of resources required to match DOT 
in comprehensiveness- 
es 
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Activity 2 - Establish a Rational Means of Linking Program Content co 
Job Families 




ERIC 



A-l - The worker trait groups of the DOT appear to offer promise 

as a means of effecting such a linkage. 

Step 1. Assign the worker trait groups co one or more of 

the program areas used in Activity 2 of the Priority 
Determination section to classify vocational and 
technical programs. In the absence of a more 
specialized categorization, Che seven vocational 
areas identified by OE appear to be a logical 
choice (Putnam and Chismore, 1967), The assign- 
ment Is facilitated by using Che DOT assignment of 
worker trait groups within areas of work (Manpower 
Administration, 1965). 

Step 2. For each major program area, classify the selected 
aspects of subject matter and items of information 
presented in Putnam and Chismore (1967) into N 
topical curricular subject matter areas and assign 
each curriculum to one or more of the worker trait 
groups identified in Step 1 for which the subject 
matter coverage appears to be relevant in terms of 
work performed, worker requirements, clues for 
relating applicants and requirements, and training 
method of entry. 

Step 3. Evaluate the desirability of developing a curricular 
program for each topical subject matter area identi- 
fied in Step 2, Caking into account major program 
area priorities discussed earlier in this report. 
Preferably, the evaluation should consider Che 
current and projected employment needs for Chose 
jobs consClCuClng Che clusters associated with 
the curricular topical areas. Note that these 
priority assignments are for program areas, not for 
individual programs. However, Che same procedures 
could be followed if data are available co enable 
estimation of future demand for Che worker trait 
groups associated with each curricular program. In 
the absence of hard data, the only recourse is 
subjective judgment as Co the employment demand for 
specific curricular subject matter areas. 

Step 4. Develop curricular programs to Implement those 

topical areas identified in Step 3. For Che purposes 
of an EPD system, each curricular program should 
identify: (1) the year in which the program is to 

be first offered, (2) Che grade level(s) at which 
Che program is Co be offered, (3) Che estimated 
enrollments for each year in the planning span for 
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which the program is to be offered, (A) the target 
population(s) to be served, (5) the minimum teacher 
proficiency level and subject matter knowledge 
required (see next chapter), 

A-2 - Use procedure developed by OE for linking DOT jobs to 

instructional programs (National Center for Educational 
Statistics, 1967). 

(+) Does not require effort for initial curricular develop- 
ment. Provides a content basis for modification to 
fit area needs. 

(-) No guarantee that curricular programs will reflect 
personal educational philosophy. 

A-3 - Link curricular programs to job clusters established according 
to tailor-made scheme. 

(+) More responsive to local conditions. 

(-) Large commitment of resources required. 
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ESTIMATION OF PROFESSIONAL DEMAND AND SUPPLY 



' Nothing can be said about the development of teaching personnel 
without first considering the role of the teacher as It Interacts with 
curriculum and leamert With respect to curriculum, It was argued earlier 
that education' should be concerned with the study of the methods by which 
theories of Inquiry were Invented, used, evaluated, and modified In the 
distillation of experience Into meaningful formt In this context, curric- 
ulum comes to be regarded not as formed conclusions about human experience 
but as the modes of Inquiry whereby conclusions are drawn and validated 
and wherein the learner develops the capability for personalized Inquiry. 
Since It Is the purpose of curriculum to capture In symbolic form at 
least the essence If not the actuality of the real world and to trans- 
pose It to the classroom, the Inevitable question concerning the relation- 
ship between teaching and doing cannot be avoided. 

That curriculum Is a matter of content and, hence, pertains to the 
doing of a discipline Is not to be denied. This Is not to say, though, 
that curriculum should focus on the verified explanations of any disci- 
pline to be taught as a body of ultimately true assertions about the 
nature of reality. To the contrary, every discipline Is to be regarded 
as a means of Inquiry suited for specific purposes rather than a body of 
accumulated knowledge to be absorbed In passive acquiescence. In the 
sense that disciplines such as mathematics, history, mechanics, and 
accounting are regarded as unique means of Inquiry, their teaching of 
others requires an exposure of the characteristic methods of Inquiry — 
an exposure of the method In terms of an explanation of the nature and 
role of exploration, description, analysis, modeling, valuation, and 
Invention In the Inquiry process. Thus, curriculum Is seen as a combi- 
nation of the means of Inquiry characteristic of a given job or discipline 
and the theories for the analysis and evaluation of theso means. 

It Is precisely these ways of thinking about means of Inquiry — 
theories for examination and creation of theory — that Belth (1965) has 
termed educational models and has classified as: dialogue, scholastic, 

nature, and experimental. Since these models shed some light on the 
teaching process, each will be considered briefly. 

The dialogue as a form of educational Inquiry follows a rather 
definite pattern. First, a question Is posed for which there are con- 
flicting beliefs held by two or more discussants. This is followed by 
a collective contemplation of the meaning of the terms agreed upon to 
relate to the problem under discussion. Meaning Is assumed to reside 
In the mode of Inquiry used and, hence, can be examined by a comparison 
of the Implications of contrasting axiomatic systems. Axiomatic systems 
are examined by evaluating their Implications according to whether some 
perceptual experience stored In memory can be recalled which will refute 
the Implications. The purpose of the dialogue form Is, thus, to nurture 
the power of analysis— a knowing by reflecting upon the quality of the 
statements Implied by the axioms. The dialogue form Is educational In 
that the Intent Is to Increase learner awareness of the fundamental 
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beliefs (sxloms) end the rules of rstlonallty (loglcsl cslculus) used to 
generste specific beliefs (theorems) about reality. 

As contrasted with the dialogue, the scholastic form Inquires Into 
the absolute nature of truth. Whereas the dialogue form makes no special 
prestimptlons regarding the attainment of any ultimate Insight, the 
scholastic form always ends with final assertions about the nature of 
truth. Formal systems are discredited by demonstrating that their Impli- 
cations contradict what Is known a priori to be true. The method Is 
deductive In that exact conclusions are drawn from a formal axiomatic 
system and a logical calculus whose veracity rests on the formal authority 
of tradition, dogma, and self-evident truths. Given that the axioms are 
truisms, all knowledge Is Implied by the system and Is assured to be 
extractable by judicious use of deductive logic. 

In yet another model form, nature Is regarded as the ultimate 
sanction for knowledge. Order Is assumed to reside In a deterministic 
reality where natural laws await discovery. Knowledge Is gleaned by 
exploring and describing samples of specific situational contexts with 
the Intent of Inducing empirical generalizations which are Invested with 
explanatory power. Authority for the characterization of objects and 
events Is to be found In nature; l.e., all entitles Including man are 
assumed to have a natural disposition, and each Is passively obedient In 
his own manner to the rigid laws of nature. Development Is assumed to 
proceed In orderly stages where the learner Is assumed to comprehend 
nature's ways by direct sensory experience. Feeling rather than thinking 
Is the dominant emphasis. Thus, to adopt such a model limits education 
to a study of experience rather than Inquiry. 

In contrast to the nature model, the experimental form represents 
but does not copy reality. The Intent Is to develop an axiomatic system 
where the axioms are considered as pure Inventions, not as empirical 
descriptors of nature's forms and patterns. The axioms are judged 
according to their capacity to generate expectations that warrant Inter- 
vention In empirical situations. The ultimate utility Is established by 
experimentation, a confrontation wherein the explanatory predictive 
power of theory Is tested against the descriptive results of observation. 
It Is obvious that the experimental model Is synonymous with the Inquiry 
process detailed earlier, and, hence. Its explication need not be further 
belabored. 

However, the Implications for education are sufficiently important 
to warrant additional redundancy. If theory derives from axioms that 
are neither true nor false In an absolute sense, then the role of educa- 
tion Is to nurture In the learner the capacity to Invent new models; for 
It Is the power to Invent new theories to explain familiar experiences 
and to serve as the sources of the new that provides the potential for 
further Inquiry. The object of education Is not the pure distilled 
form of structure of nature but the methodology of Inquiry whereby form 
and structure are shaped, evaluated, and modified to suit man's purpose. 
The educational Implication of the experimental form Is that education 
should be concerned with the ability to recognize axioms, to reason from 
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axioms to implications, and to create and evaluate new axiomatic structures; 
for to think is to create new explanatory models, new experimental tests, 
and new purposes to be served c 

The model forms can be further analyzed by highlighting the 
methodological distinctions^ The dialogue form gives primacy to analysis 
with consequent emphasis on verbal, grammatical, and rhetorical skills t 
Exploration is confined to examination of the sequence of axioms while 
description is focused on a verbal recital of the logical relationships. 
Explanation is that of necessity and sufficiency of logical causality. 
Invention is revelation of the unknown through inspiration that results 
from continual absorption in the logical system. In contrast, the 
experimental form emphasizes physical as well as logical operations and 
skills. Exploration and description require encounters with empirical 
objects and events which must be physically manipulated and symbolically 
described. Valuation necessitates Intervention by direct action in a 
physical phenomenon, and invention refers to the creation of new axiomatic 
systems which have not previously existed. 

To recapitulate, education is herein approached from the Deweylan 
view of an inquiry process. The mission of education is seen as the 
nurturing of the power of reflective thinking embodied in Che use, 
evaluation, and invention of explanatory models. From this, it follows 
that teaching should be regarded as the guiding of learners through the 
developmental process of description, explanation, and evaluation — the 
trinity of the inquiry process. 

More specifically, teaching is assumed Co be a dynamic system 
involving transactions between the occupants of Che position "teacher" 
and that of "student." The sequence of transactions within the teaching 
system is referred to as the instructional process . The Institutional 
purpose of teaching is Co Influence Che student so as to develop his 
adaptive powers to cope with a changing world. At the risk of over- 
simplification, any transaction Chat results in a change in (a) Che 
probabilities of choice of any course of action, (b) the number of 
available courses of action, (c) Che outcomes attached to any course of 
action, (d) the probabilities of an outcome given a particular choice of 
action, or (e) Che values associated with Che alternative outcomes 
associated with a given course of action Is said Co have Influenced Che 
student. Although the power relation connecting Che positions is such 
Chat the teacher has greater formal authority Chan Che student, the 
communication process is bidirectional in Chat messages flow both to 
and from the teacher — hence, the notion of a transaction- Transaction 
Implies an intrinsic influence relation between teacher and student. 

Just as there can be no selling without a buyer, there can be no teaching 
without a student. However, It does not follow Chat there can be no 
learning without a teacher. 

The teacher is assumed Co direct the development of inquiry by 
controlling the quality and quantity of Che transactions according Co 
certain activities (roles) which serve to pattern the Interaction so as 
Co achieve the desired ends. These procedural rules are termed strategies 
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and serve to govern global teacher performance- Whereas strategies are 
plans tor the attainment of relatively long-range general goals, tactical 
maneuvers for the attainment of strategy are compacted into discrete time- 
space units referred to as episodes which are the basic observational 
units of the instructional process. 

The teacher transacts with students via an instructional medium — 
a communication channel. The messages Initiated by the teacher are a 
function of curriculum as previously defined in that the conte nt of the 
message is primarily dependent upon the nature of the subject .natter 
models of a discipline, whereas the form is dependent upon the founda- 
tional education model that supports the teacher's educational activity. 
Instructional media involve mainly only two modes of communication- 
written and verbal. Since verbal behavior is the more rapid and most 
frequent mode of general communication, verbal inquiry is, therefore, 
assumed to be the primary transactional mode in the instructional process. 
Although acknowledged as a general communication mode, non-verbal forms 
of affective behavior are herein ignored as they are assumed to play a 
subordinate role in instructional communication. Attention is focused 
Instead on the linguistic forms that a teacher uses in the course of 
the instructional process. Episodes in the instructional process can 
then be said to consist of ". , . one or more exchanges which comprise 
a completed verbal transaction between two or more speakers" (Smith and 
Meux, 1962). Emphasis on episodic verbal inquiry in the instructional 
process stresses the dynamic process nature of teaching — a quality that 
is submerged when such structurally static factors as teacher attitudes, 
skills, personality traits, values, and subject matter knowledge are 
considered in isolation. 

Given the assumption that the study of teaching is the study of 
the systemic rules that guide behavior, a taxonomic scheme is required 
in order to identify transactional behavior as instances of a particular 
class of rules. Such a taxonomy is provided b’’ Smith and Meux who have 
classified 3397 episodes into twelve major categories according to their 
logical features (Smith and Meux, 1962). The classifications are briefly 
defined as follows : 

Defining - 

Episodes concerned with how symbols are used to relate to objects 
or events. Generally pertains to identity of specific terms 
(concept symbols) and requires that object or event indicated 
by a name be described or otherwise identified or that the term 
be supplied as a response to its definitional characteristics. 

Describing - 

Episodes that require an accounting or representation of a 
suggested situation. 
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Designating - 

Episodes that focus on the attachment of a name or symbol to 
some definite or Indefinite object. If the object Is definite, 
the designating Is termed Identifying ; If the object Is Indefinite, 
the designating Is termed specifying . 

Stating - 

Episodes that call for a sequence of axioms, theorems, conclusions, 
etc. 

Reporting - 

Episodes that call for a report, summary, or review. 

Substituting - 

Episodes that require a substitution In a formal system. 

Evaluating 

Episodes that call for the estimation of value, worth, etc. of 
something. 

Opining - 

Episodes that require an affirmation or denial of an apparent 
conclusion or conjecture. 

Classifying - 

Episodes that require a particular member to be placed In the 
class to which It belongs. 

Comparing and Contrasting - 

Episodes that require the noting of the similarities or differences 
of two or more things similar or dissimilar to a given referent. 

Conditional Inferring - 

Episodes that require a response to a given antecedent condition. 
Explaining - 

Episodes that give a particular consequent consideration and 
require that an antecedent condition be given. 

The categories Identified by Smith and Meux bear a direct relation- 
ship to description, explanation, and evaluation, the three phases of the 
Inquiry process. Defining, describing, designating, reporting, and 
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classifying ate obviously intrinsic operations in the descriptive process. 
Substituting, conditional inferring, and explaining pertain to an under- 
lying formal logical system and, hence, can be classified as explanatory 
operations. Since it can be argued that evaluating, opining, and comparing 
and contrasting involve value judgments and value comparisons, they can 
be classified as evaluative operations. The classifications ate not 
necessarily exclusive^ as, for example, defining can be regarded as a 
descriptive operator if concepts are being defined or as an explanatory 
operator if abstract symbols in the formal system are being defined. The 
significant consideration is not the existence of a many-to-one correspondence 
between categories and phases, but chat the categories for episodic 
classification can be meaningfully interpreted in the context of the 
inquiry process. 

The import for supply and demand estimation is chat a taxonomy 
linked to the inquiry process could provide a theoretic basis for an 
assessment and assignment of skill levels to vocational education teachers 
based on process rather chan individual attributes. The supportive 
assumption for this argument is that evaluation of the teacher according 
to kind, quantity, and quality of episodic verbal transactions is held 
to be a more realistic appraisal of his developed potential to educate 
than assessment according to a psychometric measurement of static 
attributes and characteristics. 



Activity 1 - Establish Classificatory Skill Levels for Worker Trait Groups 

A-1 - Use the DOT as source information about worker requirements. 

It appears reasonable to conclude chat developing generalized 
vocational capabilities which Include "synthesizing" relation- 
ships with data; a "mentoring" relationship with people; and 
application of principles of logical and scientific thinking, 
knowledge of advanced mathematics, and comprehension required 
at a level to write original articles (i.e., a level 6 GED 
for jobs that necessitate over 10 years of specific vocational 
training) requires a greater expression of teaching skill 
than that required for the development of capabilities of 
comparing data, serving people, handling things, applying 
common sense understanding to carry out simple instructions, 
performing simple addition, and writing identifying infor- 
mation for jobs chat require short demonstration in order to 
perform adequately. 

Step 1- Classify the worker trait groups identified in 

Step 1, A-1, Activity 2 of Program Identification, 
according to skill level of generalized vocational 
capabilities . 

a . bet 

X = (9 - 4*-^ classification digit) + W 2 

(9 - 5*-^ classification digit) 
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+ W- (9 - 6 ^^ classification digit) + Wa (Median 
GED level) 

+ (Median SVP level) , 

where (Wj^, W 2 , W 3 , W 5 ) ^ 0 are arbitrary 

weighting constants reflecting the degree of 
Importance assigned to each generalized capability 
factor and where the A^h^ and 6 ^^ classi- 

fication digits are, respectively, the scale 
scores for the relationships with data, people, 
and things . 

b. Compute 

Range = Max X - Min X 

= 8 (Wi + W 2 + W 3 ) + 5W/, + 8 W 5 . 

c. Divide the range into M segments# These segments 
represent the skill levels and probably should 
not exceed 3-5 unless the range is large# 

d# Within each major program area classification, 
rank the worker trait groups according to X 
scores# Assign each worker trait group to the 
j^" skill level such that 

Xj ^ X < Xj + 1 j = 0, 1, 2, # . # , M 

where 

Xq = X (Min) 

W ■ * 

and 

Xj = the lower boundary for the skill 
category 

(+) Capitalizes on comprehensiveness of DOT listings# 

(-) Limited to DOT categorizations# 

A-2 - Develop tailor-made procedure based on analysis of skills 
required to perform generalized vocational capabilities 
identified in A-3, Activity 2, Program Identification# 

(+) Greater freedom of choice for development# 

(-) Greater development costs# 

57 



65 



ife 



Activity 2 — Establish Procedure for Assignment of Teachers co Proficiency 
Levels 



A-1 - Within the limitations of "state of the art" technology, the 
logical categories developed by Smith and Meux (1962) appear 
to be both theoretically relevant and practically signifiuii.tr*. 
for evaluating teacher behavior in the classroom since each 
majc category of episode is analyzed in terms of the opera- 
tipfts involved and the epistemic rules governing the use of 
thif logical operations c Given the assumption that teaching 
it- rule-governed tsCtion, it appears reasonable to evaluate 
teschat proficiency According to the frequency with which 
logical operations are appropriately used . Smith and Meux's 
epistemic rules can be used as the source of authority f?t 
judgment as to the propriety of teacher usage of logical 
operations. Theoretically, these logical operc-ions can be 
regarded as the methodological manifestations of the use of 
educational models. Consequently, evaluation of teachers on 
their use of these logical operations is, in essence, a.n> 
evali;; ’'^ion of their proficiency jn using educational mocLiiS 
in niassroom setting. 

Step 1, Lavelop a procedure for observing and classifying 
classrboAi episodes . Since the purpose is to 
obtain as complste a record as feasible of teacher- 
student (s) transaction, audio-video recording 
appears to be the most desirable. Audio je.',ording 
is an acceptable substitute if c.' rt is a major con- 
cern. Taping and classification procedures are 
given in Appendic •'..*> ? and 4, respectively (Smith 
and Meux, .1962). 

The obervational procedure should provide 
for (1) the kinds of logical categories used 
during an observational period of fixed l-^ngth, 

(2) the frequency of use of the kinds of logical 
operators, and, when applicable, (3) an appraisal 
of the appropriateness of use, i.e. , the degree 
to which the epistemic rules were followed in the 
use of the logical operators. 

Step 2. Develop a procedure for scoring recorded protocols. 
For each protocol, compute the frequency of use 
over the observational period foe i:ach of the 12 
major categories of logical operatetN. For each 
category, compute pi, the proportion of times that 
the logical category is used. Score the protocol 
according to the weighted informiiition measure 
K 

H = - E 

i“l Wi Pi log2 Pi , 
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where Wi ^ 1 is a measure of the judged overall 
appropriateness of the use of i^h category, pi is 
as previously defined, log 2 is the logarithm to 
the base 2, and K is the number of logical cate- 
gories used during the observational period. If 
no suitable epistemlc rule exists for the evalua- 
tion of the appropriateness of use of the j*-^ 
logical operator, set Wj * 1, 

The Informational measure is deemed an 
appropriate scoring device in that it varies 
directly with the number of categories used, 
reaching its maximum when all categories are used 
with equal frequency. This has theoretic signi- 
ficance in that it is assumed that the larger the 
repertoire of logical operations a teacher can 
appropriately use, the greater the likelihood that 
the teacher will be able to develop student Inquiry 
skills. 

Step 3. In a manner similar to that used in Step 1, Activity 
1, compute 

Range = Max (il) - Min (H) 

12 

= log2 12 • E . 



Divide the range into M segments as in Step 2, 
Activity 1, so that each segment corresponds to 
a range of H scores regarded as equivalent with 
respect to proficiency level. It should be noted 
that each segment of the H-prof iciency scale now 
corresponds to a segment of the X-scale of skill 
level, thus establishing a relation between level 
of generalized vocational capabilities and teacher 
proficiency level. 



Activity 3 - Assign In-Service Vocational Educational Teachers to Proficiency 
Levels 



Obtain H-scores for each in-service vocational teacher in the 
supersystem. Assign each teacher to the proficiency level according 
to their H score such that 

£ Hj+i j - 0, 1, 2 M , 



where 



Ho = H (Min) 
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Hnri-1 = H (Max) 



and Hj is the lower boundary for the proficiency category. 

Activity 4 - Develop Teacher Subject-Matter Requirements 

Whereas proficiency levels are an indicator of teacher skill in 
the analysis and evaluation of theory per se , subject matter knowledge 
can be. regarded as an indicator of the teacher's proficiency to prac- 
tice, to use a particular theory to achieve desired results. The 
assumption Is that a teacher must know something about how-to-do in 
order to teach others. Of course, this is not to say that a teacher 
must be a master craftsman in order to teach crafts or a successful 
businessman In order to teach business administration. It does, how- 
ever, argue that a teacher must have some rudimentary subject matter 
knowledge In order to be effective In nurturing the development of 
others. 

Step 1. Develop a taxonomy of subject matter objectives. 

The taxonomy of the cognitive domain developed 
by Bloom (1956) appears relevant, especially 
the classification of subject matter knowledge. 

The remaining categories deal with intellectual 
abilities and skills , which for the purposes of 
this report are subsumed under the notion of 
teacher proficiency. 

Step 2. Select a major program area. For each of the N 
topical curricular areas identified in Step 2, 
Activity 2, Program Identification, determine 
the subject matter knowledge required using the 
knowledge taxonomy developed in Step 1. 

Step 3. Develop measurement procedures for testing for 
subject matter knowledge In the topical areas 
selected in Step 2. See Bloom's (1956) taxonomy 
for Illustrative test Items. 

Step 4. Repeat Steps 2-3 for each of the remaining major 
program areas. 

Step 5. Establish minimum level subject matter requirements 
for each of the topical curricular areas in the 
i*^^ major program area in terms of minimal scores 
on subject matter knowledge tests. Repeat for each 
of the other program areas. 
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Acclvlty 5 - Assess Subject Matter Knowledge of All In-Service Vocational 
Education Teacher s 



1£ it can be assumed chat teacher assignments will be restricted to, 
say, the major program area, then the assessment can be confined to 
Che knowledge areas associated with Che.Nj topical curricula. 



Activity 6 - For Each Major Program Area, Establish an Inventory of 
Professional Skills 



For each in-service teacher, maintain a record indicating in 
addition Co the normal personnel and administrative information (1) program 
area speciality, (2) the assigned proficiency level, (3) the subject matter 
knowledge score for each of the curricula in the major program area 
speciality, (4) current curricular program assignment, (5) grade level, 
and (6) experience and/or formal education in special education. Classifi- 
cation of in-service teachers according to proficiency index, topical 
curricular areas for which they are qualified (knowledge scores exceed 
minimal requirements), grade level, and exposure or nonexposure to special 
education will create an M x Nj x 4 x 2 current supply matrix for the j^^ 
program area. 



Activity 7 - Establish and Inventory for Vocational Counselors and 
Administrative Personnel 



Activity 8 - Estimate the Supply of Educational Professionals for the 
Planning Span 1971-1975 

Step 1. Develop an annual estimate of professional entrants 
into the supersystem from (1) college and university 
programs, (2) persons employed in other occupations, 
(3) persons not in the work force, and (4) iiranlgrants. 

Step 2. Develop annual estimates of the losses from (1) 
deaths, (2) retirements, and (3) emigrants. 

Step 3, Establish an annual estimate of projected future 
supply for each program area by aggregating the 
current inventory supply matrix (including 
counselors and administrative personnel) with the 
annual estimate of entrants and deducting annual 
estimates of losses. 

In many Instances, local data can be used 
to estimate entrants and losses. College entrants, 
for example, can be estimated by taking current 
enrollment data, projecting number of anticipated 
yearly graduates over the 1971-75 period, and 
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applying a percentage factor representative of 
the expected proportion of graduates the enter 
the supersystem as vocational education teachers. 

In a similar fashion, prior data If available 
can be used as an Indicator of the expected 
annual number of immigrants, emigrants, retirees, 
and deaths. Since no hard data will exist on 
which to base projections of teachers in various 
proficiency and subject matter knowledge categories, 
certain simplifying assumptions about the supply 
distribution across categories will have to be 
made. 



Activity 9 - Estimate Professional Demands for the Planning Span 1971-75 



Step 1. Assign the programs identified in the Program 

Identification Section to the year in which they 
will be first offered. 

Step 2. On the basis of the program information (see Step 
4, Activity 2, Program Identification), for each 
program area determine the total number of expected 
enrollees annually in each cell (category) of the 
M X Nj X 4 classification matrix, where M is the 
number of proficiency levels, Nj is the required 
number of topical curricular programs in the j^b 
program area, and 4 is the number of grade levels. 
That is, for each year of the planning span, 1971- 
75, establish a M x Nj x 4 triple classification 
for each program area where the (ijk) cell entry 
is the total number of students expected to enroll 
in the j**^ curricular program at the k*-b grade 
level which requires teachers at the i*^b minimum 
proficiency level. 

Step 3. Establish projected student teaching load factor 

for relevant curricular, grade level, and proficiency 
classification. 



Step 4. Divide the cell entries in the matrix created in 
Step 2 by the appropriate student load factor. 

The result will be the estimated number of teaching 
personnel demanded in that classification. 

Step 5. Establish projected student counseling and admin- 
istrative load factors. 



Step 6. Apply load factors to estimated total number of 
students annually enrolled in the supersystem. 

The result will be the estimated number of counseling 
and administrative personnel demaitded over the 
planning span. 
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PREPARATION OF EPD PROJECT SPECIFICATIONS 



An EPD project specification is an enumeration of the developmental 
requirements for the production of professional manpower. Each project 
should pertain to the development of a homogeneous set of educational 
personnel to meet a unique, critical educational program need. For the 
purpose of this report, educational manpower is restricted to vocational 
and technical education teachers, vocational guidance counselors, and 
administrators. 



Activity 1 - Establish Project Priorities 

Step 1. For each program identified in Step 1, Activity 
9 of the preceding chapter, obtain the following 
informations: (1) minimum subject matter knowledge 

requirements, (2) minimum proficiency level, (3) 
total expected student enrollment over the planning 
' span, (4) priority level for the general program 

area entailing the program established in the 
Priority Determination section. 

Step 2. For each program in Step 1, record for each 

remaining year in the planning span the estimated 
supply of teachers whose (1) subject matter scores 
exceed the minimum subject matter knowledge 
requirements, and (2) whose proficiency index 
equals or exceeds the minimum required proficiency 
level. Count each teacher only once even though 
qualified for several programs. In these cases, 
special assignment rules must be selected such as 
assignment to that program for which the subject 
matter score exceeds the minimum requirement by the 
largest amount. It is assumed that all teachers 
are qualified for at least one program. 

Step 3. For each program in Step 1, record for each 

remaining year in the planning span the estimated 
demand for teachers whose (1) maximum subject 
matter score exceeds the minimum subject matter 
knowledge requirement, and (2) whose proficiency 
index exceeds the minimum level. 

r Vi 

Step 4. Create a program x-year matrix where the ij*-" entry 
IS the difference between demand for and supply of 
teachers for i*-^ program in the j^^ year. The 
excess of demand over supply is defined as a mea- 
sure of the criticalness of program personnel 
needs . 
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Step 5. For the program pi identified in Step 1, let 
Dj * teacher demand for year t 
Sj * teacher supply for year t 
R ® priority level for general program area 
“ expected student enrollment in year t 

Ct » Dt - St 

* 0 if Dt - St 0 . 

The developmental priority (not to be confused with 
the program area priority R) for program for 
the tch year in the planning span is expressed as 

Vt (P^) - R . Ct ” Et . 

The assumption underlying the priority formulation 
is that projected developmental priorities should 
reflect the criticalness of personnel need, the 
number of students to be served by the program, and 
the priority of the major program area classlf Icatlonc 
The restriction on ensures chat V (P^) >_ 0. 

Step 6. From the assignment obtained in Step 1, Activity 9 
of the preceding chapter, rank the programs first 
offered during t according to (Pi>. 

Step 7» Order the priorities according to years maintaining 
the priority ranking within years. That is, all 
programs to be initiated in 1971 should have 
greater priority chan those programs to be first 
initiated in 1972, etc. The priorities within 
each year are ranked according to (P^^) for all 
programs first initiated in year t. The priority 
assignment strategy assures that the most pressing 
staffing needs are for those programs chat are to 
be initiated within the next year. 



Activit y 2 - Establish a Personnel x Program x Development Matrix Sch^^P 
for Classifying Developmental Requirements 

Let there be three levels of personnel — pre— service teachers, in- 
service teachers, and ancillary (administration and guidance and counseling); 
two levels of programs — ^major program areas and supportive (cooperative, 
disadvantaged, handicapped, remedial); and three levels of developmental 
goals — primarily modificatjon of proficiency level, primarily modification 
of subject matter knowlcdgu^, and primarily modification of both proficiency 
level and subject matter knowledge. 
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Activity 3 - For the First Year in che Planning Span, S a y, 1971, Seiecc 
the Program with the Highest Developmencal Prioricv and Decermine che 
Personnel Requirements to Meec the Program Needs 

Step 1, Select the program with che highest developmental 
priority as determined in Step 7., Activity 1, 

Compare the minimum personnel requirements ot the 
program with the current supply matrix tor the 
appropriate year, say 19/1. Since developmental 
priority is a function of the criticalness of 
need, demand for personnel who meet the program 
requirements will exceed supply. Therefore, 
program demands should be compared with the 
inventory supply matrix to determine the supply 
of professional personnel most nearly qualified 
to meet Che program requirements. 

Step 2, Select a supply category that most nearly matches 

the program requirements according to che following: 

(a) Match proficiency requirements as closely as 
possible. The assumption is chat it is easier 
to develop content knowledge chan to increase 
teaching proficiency. 

(b) If the program is supportive, select a supply 
category chat reflects exposure to special 
education and/or experience. The assumption 
is chat proficiency in dealing with special 
target groups is critical in teaching 
supportive programs. 

(c) Whenever possible, select personnel to fill 
critical needs from the slack personnel 
categories. Slack personnel are those inven- 
tory supply categories for which supply exceeds 
demand. By virtue of che definition, these 
categories will have zero developmencal priority. 

Step 3. Determine che developmental requirements for the 
program which should include che following: 

(a) The developmencal objectives which should state 
whether proficiency, subject matter knowledge, 
or both are to be increased and the minimum 
performance levels of each to be obtained. In 
all cases, performance levels should be stated 
in terms of objective score categories. 

(b) The personnel classification of those to be 
developed, i.e., pre-service, in-service, or 
ancillary. It should be noted that pre-service 
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is an admissible personnel category only when 
there Is sufficient lead time c.o implement 
changes in the formal educational programs. 

At least two years appears to be a conservative 
estimate of the lead time required: 

(c) The number of personnel co be developed. This 

is obtained by subtracting the number of available 
personnel in the supply category selected for 
development from the number demanded by the 
program. 

(d) The time requirements for development. It is 
assumed that in most cases time requirements 
for development of teaching proficiency will 
exceed that of subject matter knowledge. It 
is also assumed that developmental time is a 
function of the discrepancy between the current 
state of the personnel to be developed and the 
program requirements. 

(e) Estimation of developmental costs taking into 
account the developmental objectives and the 
training time. 

Step 4. Decrease the supply category selected in Step 2 

by the number of personnel chosen to be developed 
and Increase the appropriate supply category of the 
matrix corresponding to the year when development 
is completed. 



Activity 4 - Classify the Program Developmental Requirements Developed 
in Activity 3 According to the Scheme Developed in Activity 2 



Activity 5 - Repeat Activities 1-4 for Each Priority Program for the First 
Year 



Activity 6 - Repeat Activity 5 for Each Successive Year 




Activity 7 - Compute an Adjusted Supply Matrix for Each Year in the 
Planning Span to Reflect the Supply Adjustments Made in Step 4 > 
Activity 4 



Compare the adjusted supply matrix with the corresponding demand 
matrix for each year. 
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Activity 8 - If Major Demand-Supply Imbalances Exist., Reiterate Activities 
1-8 Until a Satisfactory Balance Is Attained 



Activity 9 - From the Classification of Program Developmental Requirements 
for Each Year> Develop the Project Specifications 

Step 1, Cluster program developmental requirements within 

each category developed in Activity 2 according to: 

(a) Developmental objectives. For example, it 
appears reasonable to constitute the develop- 
mental requirements for all programs that 
stipulate development of in-service personnel 
to a level of minimum proficiency into a 
single developmental project . 

(b) Program subclassifications of major programs 
as, for example, the subclassification of the 
heading of major program areas into the 
corresponding major program areas. 

(c) Personnel subclassifications as, for example, 
further division of in-service classification 
into newly-hired (no experience), newly-hired 
(experienced) , and experienced teaching 
personnel. 

Step 2, Let each cluster identified in Step 1 constitute 

an EPD developmental project. 

Step 3, For each developmental project identified in Step 

2, develop the project specifications which should 

Include the following information.: 

(a) The behavioral objectives articulated as desired 
skills in the use of logical operators in the 
teaching process and/or desired knowledge and 
skill in the usage of content models and theories 
required for inquiry into a particular subject 
matter area. 

(b) The number of personnel required to be developed. 

(c) The time allotted for professional development. 

(d) The classification of the personnel to be 
developed . 



(e) The minimum proficiency level and/or subject 
matter knowledge required to.be attained as 
evidence of successful professional develop- 
ment. 

(f) The budgetary cost allocated to the project. 
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IDENTIFICATION AND EVALUATION OF DEVELOPMENTAL RESOURCES 



The ecLlvacion function of the EPD system involves resource 
Identification, evaluation, procurement, and assignment to projects. 
Activities associated with identification and evaluation are the subject 
of this chapter . Procurement and assignment of developmental resources 
are covered In the next chapter. 

Developmental resources are those resources available to the EPD 
system for the actual development of vocational and technical program 
teachers, administrative personnel, and counseling and guidance personnel. 
Availability of developmental resources depends upon identification of a 
pool of existent resources, evaluation of their acceptability, and a 
corresponding willingness of the approved resources to operate under EPD 
supervision. 



Activity 1 - Identify a Resource Pool 

These resources will generally be of the following kinds: 

Business, industrial, and commercial organizations 

Public service agencies 

Private non-profit agencies 

Governmental agencies 

In-service training facilities 

Technical institutes 

Private schools 

Community colleges 

Colleges and universities 



Activity 2 - Establish an Evaluative Measure of the Suitability of Rach 
Resource Identified in Activity 1 

Use a weighted function of the following variables: 

Number and credentials of staff educators 

Number of degrees offered in appropriate subject matter areas at 
the baccalaureate, masters, and doctorate levels 
Accreditation standing 
Local, regional, and national images 
Geographic location 
Current student enrollment 
Unused educational capacity 

Dollar value of fixed educational facilities/student 
Dollar value of educational equipment/student 
Financial stability 
Financial accountability 
Overhead rate 

Adequacy of educational facilities and equipment 
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The weight may vary for different kinds of resources, l.e. , governmental 
agencies may very likely have a different set of weights than colleges 
and universities as developmental resources. 

The evaluative Information should be obtained by voluntary 
cooperation from the resources Involved. Lack of cooperation should be 
Interpreted as prlma facie evidence of non-sultablllty . 



Activity^ 3 ~ Establish a List of Acceptable Developmental Resources 

Step 1. Within each kind of resource Identified In 

Activity 1, rank the resources according to their 
score on the evaluation resource developed In 
Activity 2. 

Step 2. Select a minimum cut-off score for each kind of 
resource. 

Step 3. Place all resources of a kind meeting or exceeding 
the established cut-off on a list of acceptable 
developmental resources. 

Step 4. Repeat Steps 1-3 for each resource kind. 



ASSIGNMENT OF RESOURCES TO PROJECTS 



The EPD system is activated according to the following activities: 



Activity 1 - Classify Kinds of Developmental R esources by Type of Develop- 
mental Program Offered or Potentially Capable of Offering 

Step 1, Developmental programs may be classified, for 

example, according to whether they are: 

Formal degree programs - recognized formal degree 
granted upon completion of programi 

Fuj.iual certificate program - formal certificate 
given as evidence of completion of program. 

Short-term programs - short courses, refresher 
courses, training sessions, institutes, etc. 



Exchange or internship programs - formalized work 
experience in relevant environmental organizations. 



In-service training programs - formalized work 
experience and training within supersystem. 



Step 2. 



Assign resource kinds identified in Activity 1, 
preceding chapter, to program types identified in 
Step 1 as exemplified by the following assignment: 



colleges and universities 
community colleges 

colleges and universities 
community colleges 
technical institutes 

public service agencies 
public non-profit agencies 
governmental agencies 



formal degree program 

formal certificate programs 
and short-term programs 



exchange and internship 
programs 



Activity 2 - From the Project Specifications Developed in Activity 9 of 
the Preparation of Project Specifications Section, Select for Each 
Project the Relevant Kind(s) of Developmental Resource (s) Required 

Step 1. For each project specification, select the 
appropriate type of developmental program, 
taking into account: 



O 

ERIC 
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(a) Scacucory degree requirements. 

(b) Level of developmental goals. 

(c) Classification of per.^onnel to be developed. 
(d> Program classification. 

(e) Time requirements. 

(f) Grade level. 

Step 2c From the resource kind-program type assignment 
developed in Activity 1, select the appropriate 
kind(s) of developmental resources. 



Activity 3 - For Each Project Specification, Establish a List of Qualified 
Developmental Resources 

For the relevant kind(s) of resources identified In Activity 2, 
use the list of acceptable resources classified by kind developed in 
Activity 3 of the preceding chapter to Identify qualified resources. 



Activity 4 - Establish a Budgeting System for the Planning Span under 
Several Funding Alternatives, say, (1) State and Maximum Federal 
Developmental Support, (2) State and Reduced Federal Developmental 
Support, (3) State Support and Minimal Federal Developmental Support 

For each funding alternative, prepare a multi-year program and 
financial plan (see Overview). The plan should present on an annual 
basis the following information for each project identified in Activity 
9 of the section on project specifications. 

(a) Year initiated, which should reflect the developmental time 
lag in order to ensure that trained personnel will be available 
when needed. 

(b) Year terminated, if to be terminated within the planning span. 

(c) Accrued benefits measured in terms of desired number of 
developed professionals classified according to developmental 
goals, program type, and personnel type. 

(d) Accrued benefits measured in terms of a weighted function of 
desired numbers and quality of developed professionals 
classified as 'In (c). 

(e) Annual project costs. 

(f) Federal contribution to (e)< 
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(g) 

(h) 

(i) 



Ratio of accrued benefit (c) to cost (e) . 

Ratio of accrued benefits (d) to cost (e) , 

Kind of qualified developmental resource(s) required. 



Activity 5 - On the Basis of the Best Available Information, Select the 
Most Likely Funding Alternative 



Activity 6 - Given the Budgeting Constraints Established In Activity 5 . 

Let the Selected Projects Out for Bid to Those Qualified Resources 
Identified in Activity 3 

Step 1. Submit the project specifications to a selected 
list of resources (bidders) and invite them to 
submit detailed plans (proposals) for the develop- 
mental program stating: 

(a) Description of content and activities for 
achievement of project objectives. 

(b) Description of procedure for internal monitoring 
and evaluation of the developmental program. 

(c) Management and administrative procedure. 

(d) Developmental capabilities in terms of fixed 
educational assets. 

(e) Budgeting Information. 

Step 2. Evaluate the proposals according to an established 
weighted criteria. 

Step 3. For each project, let the contract to the most 
qualified bidder as established in Step 2. 



MONITOR RESOURCE PERFORMANCE 



The control function of the EPD system pertains to making certain 
that developmental resources perform according to project specifications. 
The subfunctions of control are defined as cost (budget) control, 
schedule (time) control, and performance (product) control. Cost and 
schedule monitoring are herein considered. Performance control was 
considered earlier. 



Activity 1 - Appoint a Project Monitor for Each Project Identified in 
Activity 9, Step 2, Preparation of EPD Project Specifications 

Document his authority and responsibility with respect to: 

(a) Specification of de jure organizational authority and 
responsibility c 

(b) Preparation of project specifications and bid requests. 

(c) Approval of project scope, cost, and schedule. 

(d) Allocation and expenditure of project funds. 

(e) Relations with prime contractor. 

(f) Exercise of financial management control over allocated 
project funds. 

(g) Approval of contract negotiations. 

(h) Supervision of subordinate EPD personnel. 

Activity 2 -Establish Cost Control Procedures for Each Project 

(a) Provide a record of project costs incurred by the contractor 
classified according to budgetary classes. 

'• (b) Provide periodic comparison of incurred versus budgeted 
project costs. 

(c) Facilitate flow of funds to prime contractor. 

(d) Identify areas where incurred costs are exceeding or likely to 
exceed budgetary line classes. 
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Activity 3 - Prepare Proiect Schedules with Assistance of Prime Contractors 

Step 1, Develop a network plan (see Systems Overview) 
according to some scheduling technique such as 
PERT, The plan should Isolate major key events 
as critical actions deemed vital to the execu- 
tion of the project. 

Step 2. Identify critical developmental activities not 

completed or not likely to be completed according 
to schedule. 



Activity A - Negotiate with Contractors to Reduce Schedule Slippage for 
Those Activities Identified in Step 2 
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evaluate developed product 



Upon completion of the developmental program, vocational and 
technical education teachers and ancillary personnel should be evaluated 
to determine how they compare with the performance criteria stated in the 
project speclficationc 



Activity 1 - Assign Vocational and Technical Education Teachers to 
Proficiency Levels 

(See Activity 3, Estimation of Professional Demand and Supply,) 



Activity 2 - Assess Subject Matter Knowledge in Those Aieas Stipulated 
In the Project Specification 



Activity 3 - For Each Project, Compare Actual Terminal Performance as 
Determined in Activities 1-2 with Criteria Performance Stated In the 
Project Specification 

Step 1, If the proficiency level and subject matter 

knowledge equal or exceed criteria standards, 
adjust current supply Inventory and personnel 
records to reflect Increased professional 
competencies. 

Step 2, If proficiency level and/or subject matter 

knowledge do(es) not exceed criteria standards, 
then 

(a) Recycle through the development program; 

(b) Terminate employment if in-service or do not 
hire if pre-service; or 

(c) Accept present developmental level. 

Step 3. Adjust current supply inventory and personnel 

records according to alternative taken In Step 2. 

Step A. Compute a failure ratio for each project, where 

number of unsuccessful completion 

, Failure ratio = 

total number of completions 
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Activity 4 - If the Failure Ratio Exceeds a Certain Critical Value 

(a) Remove resource from list identified earlier, 

(b) Renegotiate total project contract cost to reflect the reduced 
number of developed professionals with acceptable qualifications. 

Activity 5 - Return to Activity 1 of the first section 



SUMMARY 



Because of the inverse relation between system specificity and 
scope of application, the specificity of the present system design is 
balanced against vagueness so as to provide relative freedom of choice 
of alternative means of effecting system activities. It is imperative 
that the development system herein proposed be regarded as a general 
model for Implementation of a specific state system and not as a blue- 
print of a ready-made system to be Installed without further develop- 
mental endeavor. Therefore, no attempt is made, nor indeed can be made 
at this stage of the design, to compare alternative systems with respect 
to development and implementation costs. Rather, it is held to be 
sufficient at this point simply to regard the model system as an impetus 
for a more systematic consideration of the process of educational 
professional development. 
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